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Evechinus chloroticus (Kina) are an important commercial species in New Zealand 
waters, being harvested for their gonads or roe. In southern New Zealand the 
commercial fishery area (SUR 5) for urchins extends from Slope Point to Ararua Bay 
with a TACC of 455 tons. Information regarding the reproductive cycle of two sizes 
(>140mm and 80-lOOmm) of urchin and larval settlement were gathered from two sea 
urchin populations (Green Islets and Chalky Sound) in southern Fiordland between 
May 2006 and March 2007, while working on board a commercial vessel harvesting 
sea urchins. Urchin reproduction was annual at both sites with gametogenesis 
beginning in June followed by gamete proliferation and differentiation between July 
and September. Mature gametes were first observed in October. Gametogenesis was 
typically asynchronous between sexes with spawning activity varying considerably 
both between urchin sizes and between sites. There were statistically significant 
differences in the gonad index (GI) of large and small urchins at each site, with much 
higher GI present at Green Islets overall. Lantern indices were higher in smaller 
urchins at each site while gut indices were significantly different between size classes 
at Green Islets but not at Chalky Sound. Settlement was measured using samplers 
covered with artificial turf, deployed at 8-10 metres depth. A large pulse of settlement 
was recorded at Green Islets between September and December 2006, no other 
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CHAPTER 1 - GENERAL INTRODUCTION 
The New Zealand sea urchin (Evechinus chloroticus) or kina is the most abundant, 
widespread and largest echinoid in New Zealand, growing to 190mm test diameter 
(McShane et al. 1994b ). Roughly sperical in shape, the morphology and anatomy of 
kina has been thoroughly described by McRae (1959) and the ecology and 
reproductive biology extensively studied (Dix 1970b, Andrew 1988, Barker 2007). 
1 
Evechinus chloroticus are endemic to New Zealand, being found throughout mainland 
coastal waters, offshore reefs and islands (Dix 1970a) including the Three Kings, 
Snares and Chatham Islands (Fell 1960, Pawson 1965). They are absent from the 
southern subantarctic islands i.e. the Auckland, Campbell, Antipodes and Bounty 
Islands (Fell 1952). Kina have been recorded from the Kermadec Islands (Pawson 
1961), although this now appears unlikely (Schiel et al. 1986, Dix 1970a,). 
1.1 - Habitat and Ecology 
Evechinus chloroticus are found in rock pools and crevices in the low intertidal to 
depths of around 60 meters (Dix 1970a). Preferred habitat is the shallow subtidal (<12 
m) areas of moderately exposed rocky reef, with abundance decreasing in areas of 
severe wave energy. In areas of minimal wave action they often inhabit consolidated 
soft substrates e.g. pebbles, gravel and course sand but usually in much smaller 
numbers (Dix 1970a). 
Within a subtidal reef environment E. chloroticus display a random patchy 
distribution at two levels of abundance. Some areas along a rocky coast will contain 
high numbers of urchins while areas of similar habitat nearby will have relatively few 
animals (Dix 1970a, pers obs). Over a reef, E. chloroticus will often form an 
aggregation or "patch" ranging from a few individuals to many thousands of animals 
with a density ofup to 50m-2 (Dix 1969a, Barker 2007). Adjacent areas contain few or 
no urchins. Urchins are usually evenly distributed within an aggregation. This 
aggregating behaviour is thought to assist with feeding, defence and may result in a 










Evechinus chloroticus are largely herbivorous when present in shallow rocky reefs, 
trapping drift algae with their spines and tube feet or actively grazing on algae 
attached to the reef (McShane et al. 1994). They appear to eat whatever algae is 
available in the wild (Dix 1970a) although laboratory experiments show a preference 
for Ecklonia radiata (Schiel 1982) and Macrocystis pyrifera (Barker et al. 1998) in 
northern and southern New Zealand respectively. However in other habitats where 
algae are uncommon or when food is scarce they will eat almost anything, including 
encrusting animals, sponges, detritus, microbial films and bare rock (Andrew 2003, 
Andrew 1988, Dix 1970a). In reefs comprised of softer sediment e.g. mudstone, 
urchin grazing and spine abrasion often leads to the formation of urchin-sized 
depressions (Dix 1970a, pers obs). 
2 
The grazing activity of sea urchins at high density has profound effects on the habitat 
composition of temperate subtidal reefs (Choat and Schiel 1982, Andrew 1988, 
Babcock et al. 1999, Villouta et al. 2001). The abundance of sea urchins shows an 
inverse relationship with brown macroalgae; as urchin abundance increases algal 
biomass decreases. When high-density urchin populations become food limited, 
urchins will often become more motile and begin feeding on algae attached to the 
substrate instead of drift algae (Andrew 1988, Andrew 2003). This change in feeding 
behaviour can result in large bare areas covered by crustose coralline algae; these 
areas are commonly known as urchin barrens. In several Strongylocentrotid species 
particularly S. franciscanus and S. droebachiensis, grazing behaviour is directly 
related to the abundance of food. When food is abundant aggregations of urchins will 
remain relatively stationary even at high densities (Tegner 2001, Scheibling and 
Hatcher 2001). Under low food conditions however these animals can form massive 
"feeding fronts" containing thousands of large individuals at high densities. These 
urchins graze through the holdfasts of large kelps as they move over the substrate at 
up to four metres per month. This behaviour can cause the deforestation of large areas 
of the giant kelp Macrocystis pyrifera and associated smaller algae, resulting in the 
formation of large urchin barrens. Urchins living within these barrens display a motile 
scavenging feeding behaviour, irrespective of other urchins (Tegner 2001, Scheibling 
and Hatcher 2001). 
A 
3 
Evechinus chloroticus living within barrens habitat are usually food limited and often 
display a lower reproductive output, grow more slowly and attain a smaller size than 
those feeding in more productive areas (Andrew 1986, Andrew 2003). Experimental 
removal of urchins from barrens habitat in Fiordland has resulted in recolonisation of 
the reef by brown algae and a change in the composition ofbenthic invertebrate 
communities (Villouta 2000). The minimum threshold for change in benthic habitat 
and community structure is 2-4 urchins m-2 (Andrew 1988, Villouta 2000). Removal 
of large aggregations of urchins in southern Fiordland resulted in colonisation of the 
bare substrate by the sea rimu Caulerpa brownii (pers obs). Within this kind of 
urchin-created habitat herbivorous gastropods (especially Cellana spp) can attain high 
densities (up to 2oom-2). Gastropod grazing removes algal spores and microalgae and 
may assist in maintaining the species composition typical of urchin barrens, although 
urchins alone are capable of forming bare areas within algal stands (Choat and Schiel 
1982, Andrew 1988). 
Urchin barrens are particularly common in the northeast of New Zealand and form a 
typical feature of a subtidal rocky reef (Andrew 1988, Babcock et al. 1999). Barrens 
habitat is less common in the South Island, particularly on the open coast. Here 
urchins tend to be more aggregated and are surrounded by stands of macroalgae, 
although small areas of barren reef often surround an aggregation (Barker 2007). In 
lower energy environments such as Paterson Inlet and the fiords urchin barrens are 
more common (pers obs). 
A number of species are associated with urchin aggregations (Dix 1970a). The 
clingfish Dellichthys morelandi shelter beneath the spines and test of E. chloroticus 
while the isopods Exosphaeroma sp (Dix 1970a) are common within the spine 
canopy. The limpet Cellana stellifera, top shell Trochus viridis and turbinid Cookia 
sulcata are found in higher abundance within urchin aggregations (Andrew and Choat 
1982). Other non predatory species found within urchin aggregations include the 
holothurian Stichopus mollis, biscuit star Pentagonaster pulchellus, brittle stars 
Ophiopteris antipodum, Ophiopsamans maculata and paua Haliotis iris and Haliotis 
australis (pers obs). There is some evidence that urchins compete with paua for 







There are also many species that prey on E. chloroticus. Some of the more obvious 
species include various fishes: spotty Pseudolabrus celidotus, banded wrasse 
Psuedolabrus fucicola, maori chief Notothenia angustata, blue cod Parapercis colias, 
snapper Pagrus auratus, porae Nemadactylus douglasii, red and blue moki 
Cheilodactylus spectbilis and Latridopsis ciliaris, and trumpeter Latris lineata 
(Andrew & MacDiarmid 1999). Besides fishes, some invertebrates also consume 
urchins, crayfish Jasus edwardsii, whelk Charania capax, asteroids Coscinasterias 
muricata andAstrostole scabra (Andrew 1988, Andrew and MacDiarmid 1991, 
Barker 2007). 
Besides predation bald urchin disease can have an effect on sea urchin populations 
although rarely in New Zealand. In southern Fiordland and Stewart Island bald or 
partly bald urchins are occasionally encountered (Lamare 1997, pers obs) but in very 
low numbers, this feature may be a result of encounters with predatory asteroids. 
Mass mortality of E. chloroticus from bald urchin disease has been observed in the 
northeast of New Zealand (Barker 2007). 
Predators have the largest effect on smaller urchins of around 40mm test diameter 
(TD) as they move out of the shelter of crevices within the reef and into the open 
(Andrew 2003, Lamare 1997). Consequently urchins of this size are less common and 
many urchin populations display a bimodal distribution pattern (Dix 1972, Lamare 
and Mladenov 2000). As size increases the number of species capable of feeding on 
E. chloroticus decreases, very large urchins(> 150mm) are preyed on by starfish, very 
large crayfish and possibly large snapper (Andrew 1988, Andrew and MacDiarmid 
1991, Andrew 2003). E. chloroticus show a latitudinal variation in test diameter with 
very large urchins being far more prevalent in the most southern populations. The 
resistance of large urchins to predation coupled with slow growth rates and 
considerable longevity (Lamare and Mladenov 2000) may account (in part) for the 











There is continuing debate regarding top-down control of urchins by predators and 
whether large urchin populations and associated barrens habitat are a result of the 
rem.oval of larger predators by fishing. In the western United States the sea otter 
(Enhydra lutris) is a keystone predator of the red sea urchin (Strongylocentrotus 
franciscanus) populations, although otters m.ay them.selves be vulnerable to predation 
by killer whales. The interrelationships between otters, urchins and kelp abundance 
have been well documented (Tegner 2001). 
There is no evidence of a single keystone predator controlling E. chloroticus 
populations in New Zealand waters. Studies in the Leigh Marine Reserve however, 
indicate that an increase in the number of predators can affect urchin populations . 
Since the creation of the Marine Reserve at Leigh in 1975 there has been an 80% 
decline in the amount of urchin barren habitat and a decline in the total abundance of 
E. chloroticus from. 4.9 ± 2. 7 urchins m.-2 to 1.4 ± 1.3 urchins m.-2 (Babcock et al. 
1999). In contrast there has been a large increase in some of the predator fish and 
invertebrate species that prey heavily on E. chloroticus. As a result, the abundance of 
kelp forests and shallow algal comm.unities has increased dramatically (Babcock et al. 
1999, Shears and Babcock 2002). 
This kind of top-down control on E. chloroticus populations is largely absent from 
many areas around New Zealand as a result of removal oflarge predators by fishing 
(Shears and Babcock 2002), however generalizations about urchin abundance being 
controlled exclusively by predation should be avoided. Numerous other processes 
impact on urchin abundance and the associated changes in benthic habitat and 














1.2 - Reproduction, Recruitment and Growth 
As with other temperate shallow water echinoids, E. chloroticus has an annual 
reproductive cycle, with distinct reproductive stages (Dix 1970c, Walker 1982, 
McShane et al. 1994, Brewin et al. 2000, Lamare et al. 2002). The timing of the 
reproductive cycle shows a strong correlation with photoperiod and water temperature 
(Andrew 1988, Lamare 1997, Brewin et al. 2000). In early autumn spent animals 
commence storage of energy in the gonad via nutritive phagocytes. Energy stores are 
utilised in gametogenesis which begins mid-winter before gamete maturation in the 
early-spring. Ripe animals spawn directly into the water column from October to 
April (Dix 1970c, Brewin et al. 2000, Lamare et al. 2002), although spawning has 
been recorded outside of these times (Lamare et al. 2002). Gonad indices (GI) display 
considerable variation over small spatial and temporal scales. Gamete production and 
GI are affected by: algal diet (composition, abundance and quality) urchin density and 
distribution, depth and water movement (Andrew 1988, Barker et al. 1998, Andrew 
2003, pers obs). 
The reproductive biology of E. chloroticus has been well documented from urchin 
populations around New Zealand using the GI of a sampled population at regular 
intervals throughout the year. These measurements have been recorded from urchin 
populations in the Hauraki Gulf (Walker 1982), Wellington (Mc Shane et al. 1994 ), 
Kaikoura and Kaiteriteri (Dix 1970c), Dusky Sound (McShane et al. 1994), Doubtful 
Sound (Lamare et al. 2002, Wing et al. 2003) and the Marlborough Sounds (Brewin 
et al. 2000). Despite the southern urchin populations supporting the largest urchin 
fishery in the country, almost nothing is known of the reproductive biology of animals 








Spawning in E. chloroticus populations is usually sporadic with small spawning 
events occurring in populations throughout the spring and summer, resulting in a 
decline in gonad index over weeks to months (Brewin et al. 2000). Occasionally mass 
spawning events do occur involving many different populations of urchins over large 
spatial scales. Mass spawning has been observed in Doubtful Sound and involved the 
entire fiord population (Lamare and Stewart 1998). This was attributed to a steady 
drop in water temperature coinciding with a full moon and a spring low tide. A 
sudden and large decrease in the GI of many urchin populations in southern Fiordland 
and western Stewart Island coincided with a large southeasterly storm in December 
2005 (C McManaway pers com). 
During spawning male and female urchins release gametes directly into the water 
column, where fertilisation occurs (Pennington 1985). E. chloroticus echinoplutei 
larvae are planktotrophic, developing through several larval stages. In the wild, larvae 
may take up to six weeks to reach competency and settle although settlement has been 
achieved in 22 days in the laboratory (Dix 1969a, Walker 1984, Lamare and Barker 
2001 ). Because of the long larval phase and the passive dispersion of urchin larvae, 
distances travelled from parent populations can be extensive, although the estuarine 
nature of fiord circulation results in higher levels of larval retention in fiords than in 
open coast situations (Lamare 1999). This long larval phase most likely accounts for 
the wide distribution of adult urchins and there is little evidence of genetic 
differentiation between populations (Mladenov et al. 1997). 
Sessile invertebrates with a long lived, highly dispersed planktotrophic larval phase 
tend to have highly variable recruitment into any one area (Ebert 1983, Rowley 1989, 
Rowley1990, Ebert et al. 1994, Lamare and Barker 2001). Recruitment is the 
combination of: 1) larval supply, 2) settlement and metamorphosis and 3) 
post-settlement mortality. The abiotic and biotic factors which make up these three 
variables determine the number of new recruits entering the population (Cameron and 










Competent urchin larvae readily settle and undergo metamorphosis on substrates 
covered in crustose coralline algae and to a lesser extent microbial films; newly 
settled juveniles in the laboratory are 350 -400µm TD immediately after 
metamorphosis (Lamare and Barker 2001, Walker 1984). Juvenile urchins are cryptic, 
hiding beneath unconsolidated material or in crevices. Newly settled urchins grow 10 
- 20mm per year in their first five to seven years (Dix 1972, Walker 1984, Lamare 
and Mladenov 2000), reaching sexual maturity between 35-75mm (McShane et al. 
1994, Lamare 1997, Barker 2007). 
Growth rate is influenced by the nutritional and reproductive status of each individual 
with seasonal growth peaks during early spring and lows in winter and summer 
(Walker 1981). Growth slows progressively with increasing age and becomes almost 
imperceptible above 120mm TD (Lamare and Mladenov 2000). Therefore it is 
difficult to determine the age of large individuals (> 150mm), which may live for 50 
years or more (Andrew 2003). 
There is considerable variation concerning the mean size class of adult urchins 
sampled from populations around the country. In general non-nutritionally limited 
populations contain much larger animals (up to 180mm test diameter) in southern 
New Zealand as opposed to those animals found in northern waters that struggle to 
exceed 100mm TD (Walker 1982). However populations containing mostly small 
animals may be found around the country in areas where growth has become 
constrained by limited food availability e.g. Paterson Inlet and Abel Tasman National 














1.3 - Sea Urchin Fishing 
Sea urchin gonads or roe are considered a delicacy throughout the world and have 
been harvested for many centuries (Andrew et al. 2002). Large commercial fisheries 
for sea urchins have developed more recently with the largest consumer of roe being 
Japan and to a lesser extent France and the United States (Williams 2002). In 1999 
Japan imported 216 million US dollars of mostly fresh sea urchin roe (80% of the 
world catch). Significant domestic markets exist in New Zealand and the Philippines 
(Andrew et al. 2002, Williams 2002). 
9 
World harvesting of sea urchins peaked in 1995 with 120 306 t landed with over 50% 
of landings coming from Chile. In 1998 the major producers of sea urchins were: 
Chile, 44843t (Loxechinus albus), United States 14375t (Strongylocentrotus spp), 
Japan 13653t (various species), Canada 9190t (Strongylocentrotus spp), Mexico 1841t 
(Strongylocentrotus spp), Russia 1590t (various species), South Korea 1410t (various 
species), Philippines 974t (Tripneustes gratilla), New Zealand 716t (E. chloroticus), 
Spain 558t (Paracentrotus lividus), Fiji 503t (Tripneustes gratilla) and China 239t 
(various species)(Andrew et al. 2002). 
The high demand by Japan and lucrative nature of urchin fisheries has led to the 
widespread overfishing of urchin stocks in many countries, due to the unregulated 
nature of harvest. Commercial urchin fishing is typified by a "boom and bust" pattern 
whereby fishers encounter a large unexploited biomass; deplete the standing stock 
then move on to other unfished areas. France, Ireland, the Philippines, Taiwan and 
Maine (USA) all have collapsed urchin fisheries. Other countries in danger of 
collapse include the United States and Chile; both have experienced significant 
declines in the tonnage of urchins landed and catch per unit effort (Andrew et al. 















The Japanese fishery is the most intensively managed sea urchin fishery in the world. 
Urchins have been consumed in Japan since SOOOBC with commercial fisheries 
beginning in some areas as early as 1877 (Andrew et al. 2002). Six species (70% are 
Strongylocentrotus spp) are harvested commercially from various locations around 
Japan using hooks, scoop nets, spears, handpicking, breath hold diving, bottom traps 
baited with algae and beam trawling. The method(s) used depends on the area, 
topography and type of habitat. Numerous restrictions are in place around Japan to 
control urchin harvest including: area closures during the spawning season ( dependent 
on species and location), harvesting method restrictions, closed areas, minimum legal 
sizes, daily catch limits, restrictions on daily fishing time (2-5 hours per day), removal 
of predators (crabs and starfish) and stock enhancement. The combination of 
management techniques used depends on each province within Japan (Andrew et al. 
2002). 
Japan's sea urchin fisheries have persisted for more than 50 years, although landings 
have decreased from 20-250001 per year in the 1970s and early 1980's to around 
12000t per year since 1990. Besides the combinations of local management practices, 
reseeding of newly settled juveniles has probably had the biggest input towards the 
longevity of Japans urchin fisheries. In 1998 over 70 million juvenile sea urchins 










1.4 -The New Zealand Sea Urchin Industry 
In New Zealand, E. chloroticus supports important recreational, customary and 
commercial fisheries. The commercial fishery for sea urchins is divided into ten 
fishery management areas each known as SUR. The main areas for commercial 
harvest are SUR 1 (north east North Island), SUR 4 (Chatham Islands), SUR 7 
(northern South Island) and SUR 5 (Fiordland and Stewart Island) (McShane et al. 
1994, McShane 1997, MFISH 2002). Within each SUR area there are smaller 
numbered statistical areas (SRA) from which divers report the size of their catch (Fig. 
1.1 ). Urchins are harvested by handpicking and breath hold diving, they may not be 
harvested using underwater breathing apparatus (McShane et al. 1994, MFISH 2002). 
There is no restriction on size and the recreational limit is 50 urchins per person per 
day. Some areas are closed to commercial harvest. 
Roe quality varies depending on season, location, depth and with urchin size (Keats et 
al. 1984, McShane et al. 1994, pers obs). Large urchins(> 120mm) often have dark 
granular roe with a strong bitter taste whereas smaller urchins (70 - 100mm) usually 
have a bright coloured, fine grained roe with a more agreeable flavour (McShane 
1997). Divers generally check the size of the roe before beginning harvest in any 
particular area. Usually it is uneconomic to harvest urchins with a gonad index (GI) 
below 8% wet weight. After spawning, many urchin populations have a GI below this 
threshold, also urchins in many areas rarely exceed a GI maximum of 8% at any time 
of the year and as a result are not harvested (C. McManaway, pers com). Best harvest 
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Figure 1.1 - New Zealand's sea urchin fishery management areas (SUR) with 



















Urchins are landed whole and processed ashore, fresh chilled roe (often in seawater) 
is sold mainly on the domestic market to predominately Maori and Polynesian 
consumers with good quality roe selling for $18 kg (port price) and $13/125 g retail 
(C. McManaway and M. Barker pers com). To a certain extent, quantity rather than 
quality is more important to the urchin fisher selling to the domestic market, with only 
dark brown to black gonads being downgraded. 
The New Zealand commercial fishery began in the 1970's with fishers being required 
to hold a permit to harvest sea urchins. The government placed a moratorium on the 
issue of new permits in 1992. In the1988-89 fishing year a competitive total allowable 
commercial catch (TACC) was imposed which placed a restriction on the total 
amount caught in each fisheries area, with the exception of SUR 4, SUR9 or SUR 1 
(McShane 1997). The size of each TACC was based loosely on previous catches and 
varied with each Fisheries Management Area (FMA). The competitive TACC was 
generally not reached, except in FMA (SUR) 5 (McShane 1997). 
In 1992 - 1993 an experimental urchin fishery was developed in Dusky Sound 
(SUR 5) in an attempt to develop successful export markets, assess the ecological 
impact of urchin harvesting and determine the acceptable sustainable yield (McShane 
et al. 1994). The fishery operated under special permit in a closed area between 
Breaksea Island and Preservation Inlet with an annual catch of 1 OOOt (not included in 
the TACC for the rest of SUR 5). However the poor quality of roe from this area did 
not allow development of export markets and the experiment closed with only 130t of 
the allocated 1 OOOt being harvested. This area remained closed to urchin fishing until 
October 1st 2004 (McShane et al. 1994, McShane 1997, IPP MFISH 2004) . 
On 1st October 2002 the South Island sea urchin fishery was placed under the quota 
management system, with the North Island following in October 2003. Sea urchin 
quota (SUR) was allocated to existing permit holders based on their catch history 
between 1991 and 1993, with the quota year defined as October 1 to September 30. 
The reopening of the closed area within SUR 5 in 2004 resulted in an 85% quota 
increase to those owning SUR 5 quota (IPP MFISH 2004). As a result the TACC in 























Table 1.1- Urchin catch allowance per fishery area (SUR), TAC= Total 
Allowable Catch, TACC = Total Allowable Commercial Catch (MFISH 2002) . 
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Stock TAC TACC Customary Recreational Other 
allowance allowance mortality 
-----------· 
SURlA 172 40 65 65 2 
SURlB 324 140 90 90 4 
SUR2A 204 80 60 60 4 
SUR2B 102 30 35 35 2 
SUR3 42 21 10 10 1 
SUR4 255 225 20 7 3 
SUR5 480 455 10 10 5 
SUR7A 238 135 80 20 3 
SUR 7B 26 10 10 5 1 
SUR8 26 1 12 12 1 
SUR9 33 10 11 11 1 
Total 1902 1086 403 335 27 
---==..,==~-=· ·-=·==~~:i=•=:,.,,,-~--~==-=,i,""'"=-.c<c.--.~" --"""" ,,,_. =>-=""""""--"=iiil<=~ ....... =-.,,,-...;:,::.;:;""'r,.~ 
The total catch of sea urchins from New Zealand has varied considerably over the last 
20 years. Catches peaked in 1992 - 93 at 1032t and have remained around 700 - 900t 
per fishing year since that time (table 1.2). Currently over 50% of commercial catches 
come from SUR 5 while landings in SUR 4 and SUR 7 have decreased. This may 
reflect the difficulty urchin fishers have in obtaining quota or annual catch entitlement 
(ACE), overfishing and the increased costs associated with fishing, processing and 
distribution. 
Currently SUR 5 has the largest TACC of any SUR area within New Zealand. 
However very little research concerning the biomass of kina populations has been 
completed. The biomass of E. chloroticus populations in Dusky Sound and Chalky 
Inlet within free diving range was estimated at 3500t and 130t respectively, with a 
combined Maximum Sustainable Yield (MSY) of275t per annum (McShane 1997). 
Urchin abundance has been estimated for Stewart Island and indicates smaller stocks 
than those in Fiordland. 
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Table 1.2-New Zealand commercial catch of urchins for each SUR area 
(MFISH 2004). 
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SUR 
SUR SUR SUR SUR SUR SUR SUR SUR SUR SUR SUR 8& 
YEAR SUR 1 1A 1B 2 2A 2B 3 4 5 7 7A 7B 9 TOTAL , ________ ------~-----------
83-84 66.2 33 4.8 11.3 0.5 26.3 - 3.6 157 
84-85 81.42 180.3 14.4 4 0.9 55.1 - 0.3 342 
85-86 64.62 83.8 4 7.4 4.6 99.6 0.9 275 
86-87 71.95 139.1 6.2 52.7 0.2 86.6 2 360 
87-88 52.05 142.6 2.4 28.4 4.3 52.6 0.1 283 
88-89 22.08 154.1 1.7 76.5 2.3 175.6 0 432 
> 89-89 35.5 92.8 0.8 216.6 19 6.2 1.5 372 
89-90 10.17 282.4 4.1 190 13.4 41.5 6.5 548 
90-91 71.5 - 87.2 21.3 35.3 166.9 56.3 4.4 443 
91-92 78.72 37.3 15.8 192.9 272.2 114.4 5 717 
92-93 89.59 170.4 9.9 21.8 530.3 210.2 0 1032 
93-94 150.71 176.7 8.8 55.3 327.2 98.2 2.3 820 
94-95 155.93 129.7 7.1 100.7 342.9 149 89.5 975 
95-96 174.5 - 41.2 6 99.5 446.4 142.2 0.1 910 
96-97 161.6 49.9 5.4 225.7 171.6 121.7 0.2 736 
97-98 134.8 36.5 3.8 303.1 91.2 144.7 1.4 716 
98-99 201.4 20.2 38.4 168.2 120.6 113.9 0.5 663 
99-00 297.4 - 14.5 50.4 396.5 106.3 87.9 0.1 956 
00-01 184.5 11.4 11.2 472.6 69.8 80.1 3.1 832 
01-02 237 3 5.2 368 184.9 31.7 829.7 
02-03 211.2 30.4 0.3 167.3 132.5 1.3 63.2 0 0.9 607.4 
03-04 1.7 26.7 111 0 14.5 4.6 0.3 114.8 199.1 0 85.4 <1 3.8 562.1 
04-05 0 20.94 131.13 0 6.47 1.38 <1 91.69 350 0 101.28 0 <1 704 


















1.5 - Objectives 
The purpose of this study was to gather biological information concerning urchin 
populations from areas that are actively fished in SUR 5. Of particular interest was the 
reproductive cycle of E. chloroticus and the temporal and spatial variation of 
settlement of competent larvae. The aims of this thesis therefore are: 
• To gather gonad index measurements from large(> 140mm) and small (80 -
100mm) urchins from two sites within SUR 5 over 12 months and assess the affects 
of size, site and time on gonad size and colour (Chapter 2). 
• Describe the reproductive cycle of E. chloroticus from each site and discuss the 
influence of size, location and time on gametogenesis of males and females (Chapter 
2). 
• Investigate larval settlement in the field at each study site and relate these findings 
to the reproductive cycle of adult populations and to recruitment within the SUR 5 
















CHAPTER 2 - REPRODUCTIVE CYCLE 
2.1 - Introduction 
The gonads of sea urchins are used by the animal for nutrient storage as well as for 
reproduction (Dix 19070c ). As many urchin species are harvested primarily for their 
gonads, the size and quality (colour, taste, texture) of the gonad is of particular 
commercial interest. In this regard urchin gonads display considerable variability 
(Walker 1982, Byrne 1990, Brewin et al. 2000), which is associated with the nutritive 
and reproductive status of each individual ( Lawrence and Lane 1982, Keats et al. 
1984, Andrew 1986). 
Reproduction in sea urchins can be quantified (in part) by the use of gonad index 
calculations (Barker 2007). This provides a measure of gonad size independent of the 
size of the animal sampled (Gonor 1972) and can determine the changes of gonad size 
with season (Dix 1970c, Walker 1982), the approximate time of spawning, 
reproductive output and the degree of spawning synchrony between sea urchin 
populations (Brewin et al. 2000, Lamare et al. 2002, Barker 2007). Gonad index 
measurements have been derived from a number of sea urchin populations in both 
northern and southern New Zealand (Barker 2007). 
Histological examinations of the gonads show the various gametogenic stages of sea 
urchin gonads including the development, growth and differentiation of gametes 
throughout the course of the reproductive cycle (Byrne 1990). Histology will also 
show the contributions of non-reproductive tissue such as nutritive phagocytes, to the 
size of the gonad at various times of the year (Byrne 1990, Brewin et al. 2000). When 
used together, gonad indices and histology describe the reproductive biology of adult 








The reproductive biology of E. chloroticus has been described for several populations 
in northern and southern New Zealand, although differences in the method of 
calculating gonad index make direct comparison between the various populations 
studied problematic (Barker 2007). Walker (1982) investigated the reproductive cycle 
of three populations of urchins in the Hauraki Gulf, taking two-monthly samples over 
a twelve-month period. Nutritive phagocytes were abundant inside the gonad of both 
sexes from April until September. Gametogenesis in all three populations began in 
June when spermatocytes and oocytes were first observed, with increases in the 
numbers of gametes within gonad tissue found in all three populations from June until 
September. Free gametes in the lumen of the gonad were first apparent in September 
and November in male urchins but not until November and January for females. The 
timing of gonad maturity and spawning varied considerably between populations; one 
population of urchins was ripe by November but did not spawn until between January 
and late February while two other populations were not ripe in November but had 
apparently spawned by January. 
Gonad volume measurements taken by Walker (1982) throughout the reproductive 
cycle showed a sudden increase in gonad size between September and November 
(two of three populations) followed by a sudden decrease in gonad size by January 
(two of three populations). This pattern is consistent with histological data indicating 
gonad maturity and spawning during this time. 
Dix (1970c) investigated the reproductive biology of two populations of E. 
chloroticus from Kaiteriteri and Kaikoura in the northern South Island. 
Gametogenesis was annual in both populations, urchins were unripe (recovering/ 
growing) in late autumn with increasing gonad size throughout winter and spring 
(growing/ premature), with ripe individuals present in late spring and summer. Spent 
urchins were most prevalent in the early autumn. Some gametogenic variability was 
noted. In general, urchins remained unripe for longer and had greater gametogenic 




















Gonad index measurements were much higher in Kaikoura than in Kaiteriteri 
throughout the year. Both populations displayed gonad index cycles indicative of 
annual reproduction with gonad indices being lowest in autumn and steadily 
increasing over winter and spring, with maximum gonad indices being highest in late 
spring/ summer. The rise and fall of gonad index measurements associated with the 
reproductive cycle was much less distinctive in urchins from Kaiteriteri (0.4 - 0.8GI) 
compared to urchins from Kaikoura (0.7 - 1.9 GI). Another indication of the 
differences in gamete production between the two populations is shown by 
differences in maximum gonad volume. Between February and March 1968 Kaikoura 
urchins had a mean maximum gonad volume of 142.9ml and 124.9ml for male and 
female urchins, by comparison Kaiteriteri animals contained gonads with a mean 
volume of 9.14ml and 9.41ml for male and female urchins over the same period. 
However differences in test diameter between the two populations may be responsible 
(in part) for this variability (Dix 1970c). 
McShane et al. (1994) investigated the reproductive biology of E. chloroticus 
populations primarily from Dusky Sound as part of the Kina development programme 
which attempted (unsuccessfully) to develop export markets for New Zealand urchin 
roe. Gonad index (GI) measurements between Oct 1992 and Jan 1994 showed a sharp 
increase between October 1992 and January 1993 followed by a sharp decline in 
March. This pattern was not reflected in the 1993/1994 spring/ summer samples with 
small increases and decreases in GI over this period indicating limited gamete 
production and release (spawning). High variability in GI was evident both within 
and between sites. Samples for histological examination were taken from Dusky 
Sound during July, October and January 1993 - 1994. Five size classes of urchins 
were sampled <70, 70-90, 90-110, 110-130 and> 130mm test diameter. In July 80% 
of animals were recovering (post spawning - gonad filling with nutritive phagocytes) 
with a small percentage being undeveloped, immature or spent. In October 50% of 
urchins were regenerating (gonad full of nutritive phagocytes with proliferation of 
immature gametes around periphery), 30% recovering, 15% immature and a small 
percentage undeveloped or spent. By January 70% of animals were ripe with 20% 
regenerating and 10% immature. This sequence of gametogenesis is supported by 















Gametogenic development for urchins <70mm was much more irregular than those 
animals from larger size classes. These small urchins were mostly immature or 
undeveloped in July and October and regenerating in January. This pattern was 
attributed to a high number of sexually immature animals in the samples, minimum 
size at sexual maturity was 56 and 67mm TD for male and female urchins 
respectively. 
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The majority of scientific study concerning southern populations of E. chloroticus has 
been undertaken in the Doubtful-Thompson Sound complex in western Fiordland. 
Lamare (1997) performed what is arguably the most comprehensive study of E. 
chloroticus. Numerous biological and ecological aspects were investigated including 
the reproductive biology of urchins from three sites within Doubtful Sound and also 
three sites from Tory Channel in the Marlborough Sounds. 
Gametogenesis was recorded in Tory Channel from 4 December 1990 to 12 January 
1992 and in Doubtful Sound between 27 January 1993 and 28 February 1994. 
Gametogenesis was annual in both sample populations with proliferation and 
differentiation of germinal cells occurring from March to October and mature gametes 
present from November to February. Gametogenesis among individual urchins was 
generally synchronous for both sexes in recovery, growing and premature stages but 
asynchronous when urchins were mature and spawning. There were some differences 
in gamete development between the northern (Tory Channel) and southern(Doubtful 
Sound) populations. Premature female urchins were observed in August in Doubtful 
Sound but were not present until October in Tory Channel, one sampling site from 
Doubtful Sound had mature animals from August until January but mature male 
urchins were not present in Tory Channel until November. There was also some 



















Lamare ( 1997) found the gonad indices of each population displayed an annual cycle 
and variations in GI were highly correlated with the gametogenic cycle for each 
population. The minimum GI was present when urchins were spent or recovering. 
When urchins were growing or premature, GI increased to 75 -100% of maximum as 
a result of differentiation and proliferation of gametes. Maximum GI was associated 
with gamete maturity in both sexes. Gonad indices gathered from each site displayed 
a number of temporal and spatial differences. The timing of spawning varied 
considerably, Tory Channel populations spawned between December and April over 
the sampling period with variation of one to five weeks between years. Spawning 
varied between sites by zero to nine weeks within one year. Doubtful Sound 
populations spawned between November and at least April, timing of spawning 
varied by 0-16 weeks between years and by 0-19 weeks within one sampling year. 
In addition to gonad indices, lantern index and gut index may be used to help describe 
the nutritional status of sea urchins. The Aristotles Lantern is a complex feeding 
device with five large "teeth" which urchins use to graze algae and encrusting 
organisms (Black et al. 1984, Andrew 2003). Studies have shown that the size of the 
lantern relative to the size of the urchin can provide some indication of the nutritional 
past of that animal (Ebert 1980b). Sea urchins with a high lantern index are typically 
living in lower energy environments than those with lower lantern indices (Black et 
al. 1982, Black et al. 1984). Urchin populations in the inner fiords of Doubtful Sound 
generally display higher lantern index measurements than urchins from the outer 
fiords and open coast, indicating some nutritional limitation is occurring in inner fiord 
populations (Lamare et al. 2002, Wing et al. 2003). 
The gut of sea urchins is used for the storage of nutrients as well as the digestion of 
grazed material with seasonal variations in gut index throughout the year (Barker et 
al. 1998). For Paracentrotus lividus this variation has been attributed to changes in 
feeding rate, algal availability and absorption efficiency by the gut (Boudouresque 
and Verlaque 2001 ). Few published studies concerning the variation of gut index have 













There are often considerable differences in gonad quality between size classes of E. 
chloroticus, with larger urchins(> 140mm test diameter) usually having a coarse 
grained dark coloured gonad compared to the finer grained yellow coloured gonad of 
smaller urchins (McShane et al. 1996). Larger urchins are thought to expend 
considerable amounts of energy in maintaining homeostasis, with less energy 
available to assimilate into reproductive and somatic tissue (McShane et al. 1994). 
These differences in gonad quality are not thought to affect the reproductive 
capabilities of large E. chloroticus as gametes were found to be viable (McShane et 
al. 1994, pers obs). The size of the gonad also often shows some variability with 
urchin size (Gonor 1972). McShane et al. (1994) found that the relative size of urchin 
gonads decreased in urchins greater than 120mm TD although there was considerable 
variability between sites. 
The test diameter of E. chloroticus shows distinct variation with latitude. Walker 
(1982) collected urchins from three sites in the Hauraki Gulf with mean sizes of 
84mm, 75mm and 96mm respectively, the largest urchin collected was 113mm TD. In 
comparison McShane et al. (1994) sampled E. chloroticus populations in Dusky 
Sound where the mean size was 90-100mm TD with some urchins attaining 140 -
150mm TD. In unexploited populations along the open coast of SUR 5 (Slope Point to 
Big Bay) large urchins over 140mm test diameter are often most prevalent with 
occasional extremely large urchins of 170 - 180mm TD being seen (pers obs). 
Urchin populations within SUR 5 are typically of high biomass (McShane et al. 
1994). Large, slow growing urchins (Lamare and Mladenov 2000) make up a 
considerable proportion of the population biomass. Large urchins with a TD of 
150mm TD may weigh 1.5kg compared to 250g for a 80mm urchin (pers obs). 
Therefore the relative contributions to population biomass by large individuals are 
many times greater than smaller urchins. This form of population structure may have 
developed over considerable time periods depending on the rates of recruitment into 















There is a lack of information concerning the reproductive processes of urchins from 
fished populations in the SUR 5 region. This fishery has a larger economic value 
relative to other urchin fisheries nationally. Some understanding of the reproductive 
cycle and the influences of reproduction on recruitment processes are necessary for 
successful management of the SUR 5 fishery in the long term. 
In this chapter a comparison is made between large(> 140mm) and small (80-lOOmm) 
E. chloroticus from two geographically distinct areas sampled over 10 months. The 
reproductive cycle is described using gonad indices, while cellular processes 
associated with gametogenesis are examined using histology. Changes in oocyte size 
over time are examined with size-frequency plots while variations in nutrient storage 
and feeding history are deduced from gut and Aristotles Lantern Index (LI) 
calculations. 
2.2 - Materials and Methods 
Field work was performed from May 2006 to June 2007 and was carried out on the 
commercial fishing vessel SAN NICHOLAS operating out of bluff and owned by 
Campbell McManaway. Using a commercial vessel was the only practical way to 
regularly access study sites in Fiordland and Stewart Island. Access to each site was 
generally unpredictable as it depended on the weather conditions, market demand and 
commercial considerations of the quality of urchin roe at each site. As a result some 
study sites were more thoroughly sampled than others. Laboratory work was 

















2.2.1 - Study sites 
Two study sites in southern Fiordland were selected from the SUR 5 area, as they 
were visited more frequently by the San Nicholas than other areas in SUR 5. The first 
site, Sealers Bay (46' 02' 21.3S, 166' 31' 51.3E) is situated on the northern side of 
Chalky Island within Chalky Sound (Fig. 2.1 ), (hereafter referred to as Chalky 
Sound). Fragmented reefs and small islands border the western side of the bay, 
transgressing into a shallow sandy bay with 50- 80 metres of reef extending seaward 
from the shore. A large proportion of the reef is shallow ( one to three metres) being 
composed of large boulders, which drop down to broken rocky reef ( six metres 
depth). Fucoid and lamanarian brown algae dominate the subtidal flora. The common 
kelp Ecklonia radiata forms small stands in the deeper areas with Xiphophora 
gladiata and Carpophyllum spp being more prevalent over the majority of the reef. 
Current and wave action were relatively slight although the area is open to W and NW 
swell/ wind. Urchins are relatively few in this area owing to prior removal by fishing. 
The second site, Green Islets (46'13' 27.4S, 166' 47' 57.9E) is a large bay situated 
along the south coast of Fiordland (Fig. 2.1) and is exposed from the southwest to 
east. This area is encircled by a series of small islets and breaking reef, with an 
irregular rocky coastline. The water depth inside the bay varies considerably but 
rarely exceeds 12 metres depth. The seafloor is mostly solid reef interspersed with 
large boulders and rocky outcrops, although areas of small boulders, pebbles, gravel 
and sand are present. A large area of deeper reef ( 15 - 3 0 metres) is present on the 
seaward and eastward sides of the islands. 
Algal growth is prolific in the shallower areas, with green, red and brown algae being 
well represented. The more common brown algae include Durvillaea spp, 
Marginariella urvilliana, Cystophora scalaris, Landsburgia quercifolia, Xiphophora 
gladiata, Lessonia variegata and various Carpophyllum spp. The sea rimu ( Caulerpa 






















E. chloroticus are common in this area despite intensive fishing pressure over several 
years. Green Islets represents one of the more important areas for urchin diving within 
SUR 5 being moderately protected from oceanic swell and south west winds which 
can be severe in this area. More importantly this area contains a very high biomass of 
urchins that usually contain good quality roe. Removal of urchins from the shallower 
areas appears to be partly offset by immigration of animals from the surrounding 
areas of deeper reef (pers obs). 
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Figure 2.1 - Study sites Green Islets and Sealers bay (Chalky Sound) in south 
























2.2.2 - Gonad Index 
Urchins of two size classes were gathered from three to eight metres depth at each site 
at approximately monthly/ two-monthly intervals between May 2006 and March 
2007. Fifteen large (> 140mm) and fifteen small (80- 100mm) urchins were 
transported in 20 litre buckets of seawater to the Marine Laboratory at Portobello, 
Dunedin. Sea surface temperatures were also recorded using an alcohol thermometer 
on each sampling occasion. 
The test diameter (mm) and wet weight (g) often animals of each size class were 
determined then dissected and test wet weight (g), lantern wet weight (g), gut wet 
weight (g) with gut content removed, gonad wet weight (g), sex and gonad colour 
were recorded. Samples of gonad from three females and two males from each size 
class were fixed in 10% buffered formalin for histological analysis. Gonad index (%) 
was determined using the following formula: 
Gonad index (%) gonad wet weight (g) X 100 
eviscerated wet weight (g) 
Where eviscerated (drained) weight is the test wet weight (g) + lantern wet weight (g). 
Gut index (%) and lantern index (%) were calculated using: 
Gut index (%) = 
Lantern index (%) 
gut wet weight (g) X 100 
eviscerated wet weight (g) 
lantern wet weight (g) X 100 
eviscerated wet weight (g) 
The mean, standard deviation and standard error were calculated for each index 
measurement (n=lO), for each of the two size classes. All index data sets were 
transformed using square root-arcsine to normalise the data. A general linear model 
















2.2.3 - Histology 
Histological examination of the gonads derived from dissection involved dehydration 
of the sample (5-10 mm cubed) followed by embedding in paraffin wax (Humason 
1981). A microtome was used to cut 7µm cross sections through each sample, which 
were mounted on glass slides and stained using haematoxylin and eosin. Slides were 
examined using a compound microscope, samples were sexed and designated to one 
of six male or six female gametogenic stages. These stages were developed for 
Paracentrotus lividus (Byrne 1990) and were slightly modified for E. chloroticus 
(Walker 1982, Brewin et al. 2002). The percentages of each gametogenic stage over 
the sampling period are shown using a histogram for each size class/ site. 
For each female (n) the cross sectional area of the first 50 oocytes sectioned through a 
nucleus were measured using NIH software. Cross sectional area was then converted 
to oocyte diameter (µm). These data were used to generate size frequency histograms 
for each site/ size class for each sampling date over the entire sampling period. 
Contingency analysis was performed on the oocyte size-frequency data to test for 
statistically significant differences in oocyte size distribution between large and small 
urchins for each sampling date at each site. The number of female urchins measured 
varied from two to four individuals for each sampling date. 
2.2.4 - Colour 
The colour of the gonads of each urchin dissected was assigned a numerical value 
from one (black) to eight (bright yellow) (table 2.3). These values were plotted in 
order to show the variations in gonad colour with urchin size, site and over time. 
Testes and ovaries were not separated for the determination of colour. 
2.3 - Results 
Sufficient gonad index and histological measurements were collected from two sites 
only. A further two sites were sampled infrequently owing to the opportunistic nature 
of data collection from a commercial vessel. Therefore the data sets from these areas 


















2.3.1 - Temperature 
Sea surface temperatures (Fig. 2.2) at Green Islets show typical annual variability 
with lower temperatures (11 - 13°C) during winter and spring followed by higher 
temperatures (14 - 15°C) during summer and autumn. Measurements taken from 
Chalky Sound were fewer and covered three seasons only. Sea surface temperatures 
were a steady 12°C over winter, spring and early summer increasing to 15°C in 
March. 
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Figure 2.2 - Sea surface temperatures from Green Islets and Chalky Sound May 
06 - March 07. 
2.3.2 - Sex ratio 
The sex ratios were approximately 50% at each site. Of the 271 urchins sampled 
50.3% were male and 49.7% female and Green Islets and 46.9% male to 53.1 % 
female for Chalky Sound. Of the 136 urchins examined by histology one was 
hermaphroditic (0.74%), this animal contained predominately male testis(> 95%) 























2.3.3 - Gonad index 
The gonad indices were divided by size and sex for each site (Fig. 2.3 - 2.6) in order 
to determine the influence of sex on gonad size. No significant difference between 
sexes was apparent for either size class at both Green Islets(> 140mm TD, P= 0.293, 
80-lOOmm TD P=0.775) (Fig. 2.3 and 2.4) and Chalky Sound (>140rnm TD, P= 
0.651, 80-lOOrnm TD, P=0.272) (Fig. 2.5 and 2.6). The data for males and females 
were therefore pooled into size class for each site (Fig. 2.7 and 2.8). 
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Figure 2.4 - Green Islets gonad indices ± SE for male and female urchins 80-
lOOmm . 
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Figure 2.6 - Chalky Sound gonad indices ± SE for male and female urchins 80-
100mm. 
The gonad index cycles were annual in both of the urchin populations sampled with 
significant differences in GI over time for both sizes and sites (table 2.1 ). GI values 
were highest in early spring and summer and lowest in autumn and winter. At Green 
Islets large urchins > 140mm displayed high gonad index values from September 
(33.57%) to March (31.79%), although the GI from November was slightly lower 
(28.42%) and the GI from January was much lower (23.18%) (Fig. 2.7). The GI had 
not decreased by the end of the sampling period. Smaller 80 - 100mm urchins from 
Green Islets display a more typical gonad index cycle with a GI maximum in 
November (38.07%), followed by steady decrease in GI until the end of the sampling 
period in March (22.86%). This value is much higher than the GI minimum (13.42%) 
recorded in June 2006. Reproductive output relative to maximum gonad index was 



















In Chalky Sound small urchins had a GI maximum (16.68%) in October and 
decreased steadily thereafter, indicating spawning occurred between October and 
December with a GI minimum (9.61 %) in March (Fig. 2.8). Large urchins had 
maximum GI (28.56%) in December and decreased rapidly to reach a GI minimum in 
February (12.61 %). Large(> 140mm) urchins had significantly different GI than small 
urchins (80-lOOmm) over time at Green Islets (p=0.046) (Fig. 2.7) and Chalky Sound 
(p<0.001) (Fig. 2.8), with significant interaction between size and time for both sites, 
Green Islets (p<0.001), Chalky Sound (p=0.009). At Green Islets both size classes of 
urchins had significantly larger gonads than animals from Chalky Sound (p< 0.001) 
on those dates where a direct comparison was possible (July, December, March) . 
Table 2.1-Analysis of variance of E. chloroticus gonad indices between size 
classes, months and sexes at Green Islets and Chalky Sound. Raw data was 
transformed using (arcsine (-Ygonad index)). 
Green Islets - Analysis of Variance for arcgonad 
Source DF Seq SS Adj SS Adj MS F p 
size 1 0.059 0.037 0.037 4.05 0.046 
month 8 0.574 0.607 0.075 8.22 0.001 
sex 1 0.014 0.018 0.018 1. 98 0.162 
size*month 8 0.402 0.409 0.051 5.54 0.001 
size*sex 1 0.000 0.000 0.000 0.02 0.879 
month*sex 8 0.114 0.112 0.014 1. 52 0.155 
size*month*sex 8 0.039 0.039 0.004 0.53 0.830 
Error 137 1. 265 1.265 0.009 
Total 172 2.470 ------ - ~"""'"'"--··-· ==""-· 
Chalky Sound- Analysis of Variance for arcgonad 
- ... -- .... ~-----· -=-Source DF Seq SS Adj SS Adj MS F p 
size 1 0.429 0.313 0.313 42.55 0.001 
month 4 0.222 0.220 0.055 7.48 0.001 
sex 1 0.024 0.005 0.005 0. 78 0.379 
size*month 4 0.104 0.106 0.026 3.61 0.009 
size*sex 1 0.000 0.000 0.000 0.10 0.758 
month*sex 4 0.045 0.046 0.011 1. 57 0.192 
size*month*sex 4 0.021 0.021 0.005 0.74 0.565 
Error 78 0.573 0.573 0.007 
Total 97 1. 423 -= •• .., ... ~=osa ·~ .,,.,, u,_ ----- ----~b-· --... = 





DF SS MS F P 
1 1.0162 1.0162 70.21 0.001 






















Table 2.2- Spawning period and magnitude for both sizes of urchins from Green 
Islets and Chalky Sound. 
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Figure 2.7 - Green Islets gonad indices ± SE for urchins >140mm and 80 -
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Figure 2.8 - Chalky Sound gonad indices± SE for urchins >140mm and 80 -
100mm (both sexes) . 
2.3.4 - Gonad colour 
Gonad colour charts are a relative measure of one of the aspects of gonad "quality" 
with regard to human consumption, black gonad being the least desirable and bright 
yellow/orange the most desirable (table 2.3). The colour measurements from Green 
Islets (Fig. 2.9) and Chalky Sound (Fig. 2.10) show that smaller urchins have brighter, 
more yellow gonads than larger urchins and that the large urchins from Green Islets 
have better coloured gonads than similar sized animals from Chalky Sound. There 
was a small amount of variation in gonad colour throughout the year, particularly 
after spawning (February/ March) at Chalky Sound. The effects of sex on gonad 
















Table 2.3 - Gonad colours displayed by E. chloroticus with corresponding value 
(relative measure only). 
Colour 
bright yellow, yellow orange, orange 
yellow 
yellow brown, dull yellow, pale yellow, yellow white 
brown yellow, white yellow, brown orange 
brown, white, brown white 
brown black, black yellow, black white 
black brown 
black 
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Figure 2.9 - Gonad colour± SE for large (> 140mm) and small (80 - 100mm) 
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Figure 2.10 - Gonad colour± SE for large (>140mm) and small (80- lOOmm) 
















2.3.5 -Lantern index 
Lantern index measurements were similar for both Green Islets (Fig. 2.11) and 
Chalky Sound (Fig. 2.12). Smaller 80 - 100mm urchins displayed significantly higher 
lantern indices than urchins > 140mm at both sites (p<O.001) throughout the sampling 
period (table 2.4). There was a significant difference in lantern index over time at 
Green Islets (p<0.001) but not at Chalky Sound (p=0.409). Interaction between size 
and time was significant at Green Islets only (p<0.001). During those months where 
sampling was performed at both sites the lantern index measurements from Green 
Islets were significantly higher than those from Chalky Sound (p<0.001) for both size 
classes (see table 2.4). 
Table 2.4 - Analysis of variance for E. chloroticus lantern indices for size class, 
month and sex. Raw data was transformed using (arcsine("'1 lantern index)). 
Green Islets - Analysis of Variance for arclantem 
Source DF F p 
ze 27 4 
month 8 0.008 0.008 9.47 0.001 
sex 1 0.000 0.000 0.000 1. 82 0.180 
size*month 8 0.006 0.006 0.000 6.88 0.001 
size*sex 1 0.000 0.000 0.000 0.37 0.545 
month*sex 8 0.000 0.000 0.000 0.29 0. 967 
size*month*sex 8 0.000 0.000 0.000 0.84 0.572 
Error 137 0.015 0.015pu 0.000 
Total 172 0.061 
=="""'"""'---="--"""""'·=~-------=-~=""'""""""'""'1~·=~-ie=,~~,.,.==--=o:=====~-"""""'=""""'"' 
Chalky Sound - Analysis of Variance for arclantem 
Source DF Seq SS Adj SS Adj MS F p 
size 1 0.009 0.008 0.008 64. 94 0.001 
month 4 0.000 0.000 0.000 1. 01 0.409 
sex 1 0.000 0.000 0.000 0.84 0.364 
size*month 4 0.000 0.000 0.000 0.30 0.880 
size*sex 1 0.000 0.000 0.000 1. 79 0.185 
month*sex 4 0.000 0.000 0.000 0.75 0.560 
size*month*sex 4 0.000 0.000 0.000 1. 09 0.367 
Error 78 0.009 0.009 0.000 
Total 97 0.021 
~=~""-==~"""'-~--===- '==,;:-,es-;;..-.=w=.:,~~~-=----~"'-""'""'="""""-"'"-,s:.=--~-==.-:= 
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Figure 2.11 - Green Islets lantern indices± SE for urchins >140mm and 80 -
100mm (both sexes) . 
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Figure 2.12 - Chalky Sound lantern indices± SE for urchins >140mm and 80-































2.3.6 - Gut index 
The gut index values were between 6 and 8% for urchins of both size classes from 
both Green Islets and Chalky Sound. At Green Islets (Fig. 2.13) there was a 
significant difference in gut index over time (p<0.001) and between sexes (p=0.031 ), 
as a result the data for gut index has been pooled for size but not for sex as there was 
no significant difference between the two size classes of urchins sampled (p=0.99). 
However interaction between size and time was significant (p=0.014), indicating that 
the change in gut index over time was asynchronous between size classes. 
The gut index measurements for Chalky Sound were significantly different with time 
(p<0.001) but not with size (p=0.308) or with sex (p=0.065), as a result all data for 
this site has been pooled (Fig. 2.14) for each sampling date as there are no statistical 
reasons to separate the data (table 2.5). Interaction between size and time was not 
significant (p=0.089) as changes in gut index were similar for each size class on each 
occasion sampled. In contrast to gonad and lantern index measurements, the gut 
indices from Chalky Sound were significantly higher (p=0.007) than those from 
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Figure 2.13 - Green Islets gut indices± SE for male and female urchins (both 
size classes). 
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Table 2.5 - Analysis of variance for E. chloroticus gut indices for size class, 
month and sex. Raw data was transformed using (arcsine (-V lantern index)). 
Gut Index - Green Islets analysis of variance for arcgut 
Source DF Seq SS Adj SS Adj MS F p 
s ze 1 0.000 0.000 0.000 2.76 0.099 
month 8 0.015 0.011 0.001 4.24 0.001 
sex 1 0.001 0.001 0.001 4.76 0.031 
size*month 8 0.006 0.006 0.000 2.51 0.014 
size*sex 1 0.000 0.000 0.000 0.19 0.663 
month*sex 8 0.002 0.002 0.000 0.92 0.499 
size*month*sex 8 0.002 0.002 0.000 0.83 0.577 
Error 137 0.046 0.046 0.000 
Total 172 0.075 
40 
~·~ ·=-=·=---'~·-""'"'"'--...,,,,=-~------,---. ----==""'==--~·-""'"·'"'=""'-.,,,,.....,"" ... """" ... """ ..... '=''''''''·="'=="""'=-~··~··-.,:.==\.""'-",,...-"=m-...M'.=""-~"''',.""'""-""~="''"''""""""""''"""""""'~--·=~=,,.~·=~·'~'""'""'"'=~~"""""'"" 
Chalky Sound - Analysis of Variance for arcgut 
"="=""=~-=--w;;;;,===""=........--""'=-~~""======-====-=""--==-==-,..=-====,,...-"=""""===-~""'""'"'==;,,,~.,,,=-=""=""'"-~..m:= 
Source DF Seq SS Adj SS Adj MS 
size 1 0.000 0.000 0.000 
month 4 0.007 0.006 0.001 
sex 1 0.000 0.000 0.000 
size*month 4 0.001 0.001 0.000 
size*sex 1 0.000 0.000 0.000 
month*sex 4 0.000 0.000 0.000 
size*month*sex 4 0.000 0.000 0.000 
Error 78 0.017 0.017 0.000 
Total 97 0.028 





DF SS MS F P 
1 0.003 0.0029 7.46 0.007 
269 0.103 0.0004 
270 0.107 
F p 


































2.3. 7 - Gametogenesis 
Six stages of gametogenesis have been described for E. chloroticus (Brewin et al. 
2000). For female urchins the six stages of oogenesis are: 
Stage 1 - Recovery (Fig. 2.15). Clusters of dark purple-stained (basophilic 
previtellogenic oocytes ( <25 µm) line the acinus wall. A meshwork of pale-stained 
nutritive phagocytes dominate the lumen, with intermittent large dark-stained 
droplets. Pale stained relict ova may be present. Evidence of phagocytosis from cell 
breakdown products may be visible. Some central spaces in the lumen. 
41 
Stage 2 - Growing (Fig. 2.16). Light purple-stained early vitellogenic oocytes (25 to 
90µm) are present with abundant pre-vitellogenic oocytes along the acinus wall. 
Ovaries are full of pale-stained nutritive phagocytes. 
Stage 3 - Premature (Fig. 2.17). Oocytes at all stages of development are present, a 
higher number of elongated vitellogenic (>90µm) oocytes are present, projecting 
inwards. Nutritive phagocytes decrease as oocytes are continually produced and 
develop, some large ova are present in the centre of the lumen. 
Stage 4 - Mature (Fig. 2.18). Large ova are tightly packed in the ovary. Both primary 
and pre-vitellogenic oocytes are present but in low numbers. Nutritive phagocytes are 
either absent or forced into a thin band between maturing oocytes/ ova and the acinus 
wall. 
Stage 5 -Partially Spawned (Fig. 2.19). Many ova are present in the ovary although 
many empty spaces are evident. A narrow band of nutritive phagocytes is present 
around the ascinal wall and developing oocytes are rare. 
Stage 6- Spent (Fig. 2.20). Ovaries are largely empty. Numbers of small primary 
oocytes are present around the thin ascinal walls. Relict ova and oocytes are usually 
present, some residual material is undergoing lysis by nutritive phagocytes. Nutritive 









Figure 2.15 - Stage 1, recovering ovary. Nutritive phagocytes (NP) project into 
lumen as relict un-spawned ova (R) are broken down. Small previtellogenic 
oocytes (PO) line the wall of the ovary. Scale bar= lOOµm . 
42 
Figure 2.16- Stage 2, Growing ovary. Large numbers of nutritive phagocytes 
(NP) in the centre, early vitellogenic oocytes (EV) with nuclei (N) line the ovary 












Figure 2.17 - Stage 3, premature ovary. Oocytes at all stages of development. 
Vitellogenic oocytes (VO) and mature ova (0) are surrounded by nutritive 
phagocytes (NP). Scale bar= lOOµm . 
Figure 2.18 - Stage 4, mature ovary filled with irregularly shaped ova (0), 
nutritive phagocytes are reduced to a thin layer along the ascinal wall or are 
















Figure 2.19 - Stage 5, partially spawned ovary. Intermediate numbers of mature 
ova (0) are present in the ovary, as are large empty spaces. Small numbers of 
nutritive phagocytes (NP) may line the ascinal wall. Similar to stage four but 
with diminished numbers of ova. Scale bar= lOOµm. 
Figure 2.20 - Stage 6, spent ovary with large empty spaces in the lumen. Relict 
ova and vitellogenic oocytes (R) are present with some undergoing lysis (L) . 
Nutritive phagocytes (NP) are in the process of forming a meshwork across the 













For male E. chloroticus the six stages of spermatogenesis are as follows: 
Stage 1 - Recovery (Fig. 2.21). Nutritive phagocytes predominate and are present in a 
thick band around the periphery of the testis. A <50µm thick layer of spermatogonia 
and primary spermatocytes line the germinal epithelium. Relict spermatozoa are 
usually present in the centre of the lumen. 
Stage 2 - Growing (Fig. 2.22). Nutritive phagocytes fill the testes. The band of 
spermatogonia and primary spermatocytes has increased to 50-1 OOµm. Columns of 
spermatocytes project toward the centre of the lumen. 
Stage 3 - Premature (Fig. 2.23). Nutritive phagocytes decrease in abundance. 
Columns of spermatocytes project from a thickening (100-120µm) band of 
spermatogonia lining the germinal epithelium into a growing accumulation of 
spermatocytes in the centre of the lumen. 
Stage 4 - Mature (Fig. 2.24 ). The testes are filled with tightly packed spermatozoa, 
nutritive phagocytes are largely absent or present in a narrow band. Spermatogenesis 
ceases and the layer of spermatogonia decreases to 70-lOOµm. 
Stage 5 - Partially Spawned (Fig. 2.25). Spermatozoa appear less dense with some 
spaces evident within the lumen. The peripheral layer of spermatogonia decreases 
further to 25-70µm and an increasingly thick layer of nutritive phagocytes forms 
beneath the germinal epithelium. 
Stage 6 - Spent (Fig. 2.26). Testes appear mostly empty with small amounts of relic 
spermatozoa and large empty spaces evident within the lumen. The ascinal wall is 
thin although thickening and the adjacent layer of nutritive phagocytes continues to 
















Figure 2.21 - Stage 1, recovering testis. Testis largely filled with nutritive 
phagocytes (NP), a dark stained germinal epithelium comprised of primary 
spermatocytes (PS) is present around the periphery of the testis. Relict 
spermatozoa (R) are visible in the centre of the testis. Scale bar = lOOµm . 
Figure 2.22 - Stage 2, growing testis. Testis mostly filled with nutritive 
phagocytes (NP). The germinal epithelium has increased in thickness and 
spermatogenic columns (SC) project into the lumen. Mature sperm (S) are 











Figure 2.23 - Stage 3, premature testis. The germinal epithelium has increased in 
thickness, spermatogenic columns (SC) continue to project into the lumen where 
large amounts of mature sperm (S) have accumulated, compressing nutritive 
phagocytes (NP) against the periphery of the testis. Scale bar= lOOµm. 
Figure 2.24 - Stage 4, mature testis. Tightly packed sperm (S) fill the testis, the 
layer of nutritive phagocytes has diminished and is now found in a thin layer 














Figure 2.25 - Stage 5, partially spawned testis. Ascinal wall has become very 
thin. Sperm (S) are still present in the lumen but are less tightly packed and take 
up less space. Nutritive phagocytes (NP) are accumulating, taking up space as 
spawning continues. Scale bar = lOOµm . 
Figure 2.26 - Stage 6, spent testis. Testis mostly filled with nutritive phagocytes 
(NP). Empty spaces within lumen where some relict spermatozoa (R) may be 



























The cycle of gametogenesis displayed by large and small urchins of both sexes from 
Green Islets is typical of echinoid reproduction. Female urchins display some 
synchrony in the early stages of gametogenesis i.e., the differentiation and 
proliferation of gametes, although there were several differences between the two size 
classes. Both sizes of females (Fig. 2.27c and 2.27d) were spent or recovering in May, 
growing in June - July, premature in September and mature by November. Small (80-
lOOmm) females (Fig. 2.27c) appear to begin gametogenesis (growing) in June, large 
(>140mm) female urchins (Fig. 2.27d) displayed growing gametes by July. Small 
females first displayed mature gonads in September but were not observed in larger 
urchins until November. Small female urchins began spawning and were spawned out 
earlier than large animals and were either spent or recovering by March whereas 
large females were partially spawned. This observation is consistent with the gonad 
index values from Green Islets (Fig. 2. 7). In general, the gametogenic cycle of small 
female urchins appears to begin and end earlier than that of larger females at Green 
Islets. 
Gametogenesis of male urchins from Green Islets was generally synchronous between 
size classes, but some differences were observed. Male urchins were spent or 
recovering in May, growing in June, premature in July-September and mature by 
November. Large (140mm) male urchins (Fig. 2.27b) tended to stay in the recovery 
stage longer into winter than smaller (80-lOOmm) males (Fig. 2.27a) that were all in 
the growing stage by June. Small male urchins first displayed mature gametes in 
August, whereas larger male urchins did not contain mature testis until November. In 
December - January males were either premature, mature, recovering or growing, 
indicting that spawning began in male urchins began after November or December. 
By the end of the sampling period both sizes of male urchins were either premature or 
partially spawned, indicating that further gamete proliferation and maturation 
occurred after spawned out males were observed in January, and that male animals 

















The gametogenic cycle of both size classes of male and female urchins from Green 
Islets displayed the same general patterns over the course of the sampling period, 
although some variability was noted (Fig. 2.27). The timing of the early stages of 
gametogenesis (the growing and premature stages) were similar between sexes and 
between size classes, larger male and female urchins stayed in the recovery stage 
longer than smaller urchins (July for males, August for females). The timing of 
gamete maturity was similar with at least 80% of both sexes and sizes of urchins 
being mature by November. Females retained mature gametes for at least three 
months (possibly up to six months) where as males displayed mature gametes for two 
months only. Gamete release was asynchronous between sexes, with small female 
urchins displaying small fractional spawning (indicated by partially spawned ovaries, 
Fig. 2.27c) in September, November and January and were spawned out by March. 
Larger females displayed evidence of spawning in November and March (and 
possibly December, January) with the majority of gametes not having been released 
by the end of the sampling period. Both sizes of male urchins appear to have released 
the majority of gametes in January followed by continued gamete production and 
release in March. 
E. chloroticus gathered from Chalky Sound also display an annual gametogenic cycle. 
Large (> 140mm) and small (80-100mm) female urchins (Fig. 2.28c, 29d) displayed a 
similar pattern of gamete development, with some variation. Small female urchins 
were mostly growing in July and displayed mature ova from October to February 
although two thirds of animals in December were partially spawned, recovery was 
present in 100% of small female urchins by March (Fig. 2.28c ). Large (> 140mm) 
female urchins (Fig. 2.28d) were premature in October, mostly mature in December 
and all recovering by February, suggesting a shorter spawning period for larger 
females, compared to fractional spawning over a longer time period for small females. 
The observations concerning the timing of gamete release is consistent with the gonad 
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Male urchins from Chalky sound display a more variable gametogenic cycle. Males 
80 - 100mm TD (Fig. 2.28a) were recovering in July, premature/ growing in 
October, mature/ growing in becember and mostly recovering in February and 
March. Male urchins larger than 140mm TD from Chalky Sound (29b) only displayed 
two stages of gametogenesis throughout the sampling period. In July all were 
recovering and were a 100% premature by October, being 50% premature/ recovering 
by December. All large males sampled in February/ March were recovering. The 
gametogenic pattern displayed by male urchins >140mmTD is distinctly different 
from the other gametogenic patterns displayed by other urchins over the sampling 
period. 
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Figure 2.27 - Gametogenic cycle for male (a, b) and female (c, d) urchins for 
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Figure 2.28 - Gametogenic cycle for male (a, b) and female (c, d) urchins for 
both 80-lOOmm and >140mm size classes. Chalky Sound, July 06 to March 07. 
2.3.8 - Oocyte size- frequency 
J 
The oocyte size frequency plots for Green Islets (Fig. 2.29) and Chalky Sound (Fig. 
2.30) show the changes in oocyte size class over the sampling period for both size 
classes of female E. chloroticus. Patterns of oocyte size-frequency were roughly 
similar between large(> 140mm) and small (80-lOOmm) urchins, although distinct 
variation was evident between size classes and site. Contingency analysis (tables 2.6 
and 2.7) of oocyte size-frequency for large(> 140mm) and small (80-lOOmm) female 
urchins showed a statistically significant difference in oocyte size frequency for each 































Table 2.6- Pearson Chi square and probability values for oocyte size-frequency 
data for large and small urchins from Green Islets for each sampling date. 
-==ct=..::..o=...r..=.;. 
Green Islets 
Month Chi-square Prob>Chisquare 
May 43.19 <.0001 
June 52.94 <.0001 
July 24.89 0.0016 
August 40.83 <.0001 
September 44.76 <.0001 
November 180.22 <.0001 
December 110.76 <.0001 
January 72.94 <.0001 
March 177 <.0001 
Table 2. 7 - Pearson Chi square and probability values for oocyte size-frequency 
data for large and small urchins from Chalky Sound for each sampling date. 
Chalky Sound 
Month Chi-square Prob>Chisquare 
July 58.24 <.0001 
October 20.85 0.0349 
December 85.61 <.0001 
February 88.45 <.0001 
March 29.68 0.0005 
In early May female urchins from Green Islets contained large numbers of small pre-
vitellogenic oocytes (<30µm diameter) and some larger relict oocytes and ova. In 
early winter (June/ July) relict material was absorbed and larger pre-vitellogenic 
oocytes ( 40 - 70µm) became more frequent. During August and September females 
were premature showing growth and differentiation of gametes. Oocytes were present 
in all size classes (10 - 1 OOµm) with continually greater numbers of large oocytes (70 
- 90µm) and mature ova (90 - 120µm) being present as gametogenesis continued. 
Oocytes reached their largest sizes in November/ December with most ovaries full of 
large mature ova (>90µm), although smaller (30-50µm diameter) oocytes were still 



























During January urchins began to spawn, characterised by a bimodal oocyte size-
frequency distribution as numbers of ova decreased and pre-vitellogenic oocytes 
increased.in frequency. In March higher numbers of pre-vitellogenic oocytes were 
present and numbers of ova continued to decrease as spawning continued. Larger 
females had not spawned out by this time, although smaller females had few large ova 
remaimng. 
Contingency analyse (tables 2.6 and 2.7) show a significant difference between large 
and small urchins from both sites over the entire sampling period. Although 
significantly different throughout the sampling period ( except October) the overall 
pattern of oocyte size- frequencies appears similar (July to March) (Fig. 2.30). In July, 
the majority of oocytes were between 20µm and 60µm. By October female urchins 
were premature with oocytes at all stages of development (10-lOOµm). Large oocytes 
and ova (70 - 120µm) were present by December, indicating maturity. By early 
February large urchins were recovering with high numbers of small pre-vitellogenic 
oocytes and small numbers of relict ova. Smaller urchins showed a similar pattern but 
had higher numbers of ova and may not have spawned out by this time. By March 
both size classes were in the recovery stage with many small oocytes and few larger 
oocytes or ova. 
The oocyte size distribution is comparatively similar between size classes and sites 
from May until September/ October. The principle differences between sites concerns 
the time of spawning and recovery. Chalky Sound females spawned between early 
December and mid February, while Green Islets females spawned between the end of 
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Figure 2.29- Oocyte size frequency for large (>140mm) and small (80-lOOmm) 
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Figure 2.30- Oocyte size-frequency for large (>140mm) and small (80-lOOmm) 



































2.4 - Discussion 
Evechinus. chloroticus populations sampled along the open coast of southern 
Fiordland display an annual reproductive cycle similar to many other urchin 
populations around New Zealand (Dix 1970, Walker 1982, Brewin 1994, McShane et 
al. 1994, McShane et al. 1996, Lamare 1997, Brewin et al. 2000, Wing et al. 2003). 
As with other E. chloroticus populations, sex ratios were approximately equal. There 
were also no statistically significant differences between male and female GI at either 
site over the sampling period (Fig. 2.3 - 2.8). 
2.4.1 - Index measurements 
In this study gonad index (GI) measurements showed a high degree of variability 
between size classes and site but in general display the same annual trends. Gonads 
were smallest in late autumn/ early winter and largest in late spring to early summer 
before decreasing in size during summer/ early autumn, although large urchins from 
Green Islets displayed a high GI until at least March. There was no real correlation 
between changes in GI and temperature at either site, most probably because of the 
lack of accurate information concerning temperature variation over the sampling 
period. 
Urchin populations with a higher GI usually have a higher reproductive output than 
those populations with low GI regardless of the spawning duration (Brewin et al. 
2000). Similarly, GI values and reproductive output from Green Islets were 
consistently higher than those from Chalky Sound. Reproductive potential of sea 
urchins is not thought to be affected by the size of the animal (Brewin et al. 2000), but 
often gonad production varies with test size (McShane et al. 1994, M. Barker pers 
com). McShane (1996) sampled three urchin populations in Dusky Sound and found 
that gonad indices were highest in the larger size classes of urchin with maximum 
gonad indices found in the 105-130, 115-130 and 90-120mm size classes for sample 
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In the present study GI values for large and small urchins were significantly different 
at each site over the sampling period, suggesting that size may influence gamete 
production. Small urchins from Green Islets (Fig. 2.7) produced a higher maximum 
GI and had a higher reproductive output (g g-1yf1) than larger urchins despite having 
a lower mean GI over the sampling period. The pre spawning GI minimum in July for 
the larger (> 140mm TD) urchins was not particularly low (21. 7 4 % ) when compared 
to the GI minimum (13.42%) for small (80-lOOmmTD) urchins, which occurred in 
June. Whether this suggests that a large proportion of gametes are not released over 
the spawning period or that the number of gametes produced relative to the size of the 
gonad is lower in larger animals is not clear. Overall urchin populations from 
southern Fiordland display gonad indices indicative of numerous small scale 
spawning events with a high amount of asynchrony in the timing of spawning 
between both size classes and between sites, indicating that no single major spawning 
event occurred during the sampling period. The Chalky Sound population displayed 
an opposite trend with large urchins having higher mean GI (Fig. 2.8), and higher 
reproductive output than smaller urchins over the entire spawning period (table 2.2). 
Mc Shane ( 1996) found that very large urchins (> 13 0mm) were found to produce 
viable gametes and were considered reproductively active, contrary to the findings by 
Dix (1970) who suggested that large urchins are incapable of reproduction. In this 
study large urchins(> 140mm) were spawned in the laboratory and found to produce 
viable embryos and larvae which were reared to the 8 armed pluteus stage indicating 
that very large urchins (> 140mm TD) are capable of reproducing and may contribute 
significantly to the larval pool in those areas where urchin populations are dominated 
by larger individuals. 
Highly variable reproductive potential between populations is typical of echinoid 
reproduction and has been demonstrated for E. chloroticus repeatedly from sampled 
populations around the country (Dix 1970c, Walker 1982, McShane et al. 1994, 
Brewin et al. 2000, Lamare et al. 2002). Other temperate echinoid species show 
similar reproductive variation between populations, including Psammechinus miliaris 
(Kelly and Cook 2001 ), Strongylocentrotus dro'ebachiensis (Scheib ling and Hatcher 
2001), Paracentrotus lividus (Byrne 1990). In each case quality and/ or quantity of 




























Green Islets (Fig. 2.1) is comprised of large areas of solid reef with varied 
topography, a diverse algal flora (species given earlier) of high biomass, although 
algal species composition and abundance varies seasonally. Wave exposure is 
moderate to high at Green Islets although lower than many other areas along the south 
coast, and current velocities are low to moderate. In contrast Sealers Bay within 
Chalky Sound (Fig. 2.1) has a small amount of reef comprised of medium to large 
boulders. Algal cover is high although species composition is reduced with Ecklonia 
radiata, Xiphophora gladiata and Ca,pophyllum spp being most prevalent. Wave 
action is low to moderate with minimal current. These variations in habitat, 
particularly the amount of drift algae available for urchins (which relates to the size of 
the reef), and the differences in algal diet associated with each site are probably the 
most significant factors influencing gonad index. The effects of urchin density on 
gonad index were not determined, although urchin density was low at each site owing 
to reduction by repeated fishing. 
Gonad colour appears to be influenced by urchin size, with smaller animals 
consistently displaying better "quality" gonads than larger urchins, which often have 
darker roe. This observation was consistent at both sites (Fig. 2.9, 2.10). McShane et 
al. (1994) found that urchins from Dusky Sound had gonad colour ranging from light 
brown to dull orange with a coarse texture, with very large urchins(> 130mm) tending 
to have small black/ brown gonads. Carotenoid pigments derived from the algal diet 
of sea urchins are thought to be the primary factor influencing gonad colour (Matsuno 
and Tsushima 2001). In the current study urchins from the same area are assumed to 
share a similar diet, although quantity of food consumed cannot be easily determined. 
More likely the increased energy demands of maintaining a larger body size may 
reduce storage compounds in the reproductive tissue (McShane et al. 1994, McShane 
1996). Also, differences in metabolic rate may account for differences in gonad 





























Lantern index (LI) measurements were significantly higher in small urchins at both 
sites (Fig. 2.11 and 2.12). Higher LI is often regarded as a sign of food limitation 
within a population as suggested for Doubtful Sound (Wing et al. 2003). It is unlikely 
that any of the sampled urchin populations are constrained by food as algal biomass 
was high at each site (many urchins were buried beneath drift algae). Rather the 
observed LI are most likely a function of the physical constraints of urchin growth i.e . 
small urchins will always display a higher LI than larger animals. Wing et al. (2003) 
only used urchins with a test diameter of 100mm to avoid the confounding effects of 
size. Contrary to the findings by Wing et al. (2003), the popula~ion of urchins from 
Green Islets display a higher LI and significantly larger gonad indices than urchins 
from the Chalky Sound population throughout the sampling period. Variations in the 
test diameter of sampled urchins within each size class may account for this 
observation. 
The thickness of the luminal epithelium in the gut of sea urchins shows seasonal 
variation, being thinnest in winter. In addition, starved urchins show a decrease in the 
size and cell thickness of the digestive system. It appears these variations are related 
to feeding rate and diet, which in turn impact on the absorption efficiency of the gut 
(Lawrence and Klinger 2001). In Paracentrotus lividus, variations in resource 
availability result in gut index values being highest in winter and spring and lowest in 
summer/ autumn (Boudouresque and Verlaque 2001 ). Gut Index measurements in the 
present study (Fig. 2.13 and 2.14) show significant seasonal variation over the 
sampling period, with both sites displaying peaks in gut index in December followed 
by immediate decreases. This pattern may reflect variations in feeding rate or algal 
abundance i.e. an increase in feeding rate during the spring, with decreases in gut 
index associated with reduced feeding activity during spawning or by increased 
uptake of nutrients from the luminal epithelium around spawning time (Lawrence and 
Klinger 2001, Boudouresque and Verlaque 2001). This may occur as a result of 
urchins drawing on all nutrient reserves during the spent and recovering stages of 
reproduction when nutrients present in the gonad are at a minimum and urchins must 
therefore utilise as much energy as possible from their algal diet. Gut index 
measurements from Green Islets also show statistical differences between sexes (Fig. 
2.13) which may suggest that feeding rate differs between males and females over the 




























2.4.2 - gametogenesis 
Gametogenesis in E. chloroticus was found to be similar to other temperate echinoids 
such as Paracentrotus lividus (Byrne 1990), and six stages of oogenesis and 
spermatogenesis are described over the course of the reproductive cycle (Figs. 2.15 -
2.26). Photoperiod has been proposed as being the primary factor regulating gamete 
production in E. chloroticus populations elsewhere in New Zealand, with increasing 
day length being the cue for the onset of gametogenesis (Brewin et al. 2000). 
There are several differences in the gametogenic cycle observed in the two 
populations sampled. In general gametogenesis began in mid-winter although both 
sizes of male animals from Chalky Sound had not begun gametogenesis by July. 
Urchins were premature in October and to a much lesser extent in December at 
Chalky Sound ,with premature stages being observed in testis and ovaries of Green 
Islets urchins from July until January (Fig. 2.27), although premature stages were 
more common between August and December. Mature gametes were observed from 
August to January at Green Islets and October to February at Chalky Sound. Evidence 
of gamete release was observed from September to March (except December) at 
Green Islets but only during December and February at Chalky Sound. 
Gametogenesis at Green Islets (Fig. 2.27) displayed some synchrony between sexes 
and size class with a clear progression in the growth, proliferation and differentiation 
of gametes between the onset of gametogenesis in June (growing stage) and 
maturation of gonads in November. The release of gametes was typically 
asynchronous and fractional between individuals, as indicated by the gonad index 
measurements (Fig. 2.7), histological analysis (Fig. 2.27), and ova size-frequency 
plots (Fig. 2.29), although similar reproductive trends are evident. When taken 
together these measurements show that the sequence of gametogenic development up 
to gamete maturity in November is typical of other E. chloroticus populations in New 
Zealand (Barker 2007). The retention of mature gametes within the gonad however, 
for at least four months (possibly up to six months), punctuated by small spawning 
events followed by gamete production and associated increases in gonad index is an 























Urchins from Chalky Sound display less irregularity regarding the presence of 
mature gametes and the time of spawning than the Green Islets population. Female 
urchins from Chalky Sound (Fig. 2.28) show synchrony between size classes with 
similar gametogenic development to urchins from Green Islets from July to 
December. The gonad index measurements for this site (Fig. 2.8) indicate that 
spawning occurred in small (80-100mm TD) urchins between October and December 
with larger (140mm TD) urchins spawning between December and February. 
This trend is supported by the histological and ova size-frequency data which 
indicates that mature gametes were present in both size classes of urchins by October 
but spawning did not occur until December. Partial spawning by smaller animals 
followed by further gamete growth and maturation may account for the observed 
sharp fall in gonad index with large number of ripe gametes still being present within 
the gonad. 
Notable exceptions to normal gametogenic development were large (>140mm) males 
from Chalky Sound (Fig. 2.28b ). These urchins were either recovering or premature 
during the sampling period. This coupled with the low (but not statistically different) 
reproductive output of large male urchins indicates that these animals may contribute 
iittle to the reproductive pool from this population. However sperm were still being 
actively produced, which suggests that the limited sampling effort at this site may be 
responsible for the lack of observed gametogenic variability, rather than an inability 
to complete the reproductive cycle. 
In food limited environments echinoids may struggle to consume sufficient food for 
the production of somatic and reproductive tissue. In general, many urchins can 
survive in low food environments for extended periods of time with slower, static or 
negative growth rates and reduced reproductive output than urchin populations in high 
food environments (Andrew 1988, Barker 2007). Urchin populations in Deep Cove 
near the head of the Doubtful Sound have reduced reproductive output and grow more 
slowly than populations in the mid and outer fiords (Lamare et al. 2002, Wing et al. 
2003). This is unlikely to be the case in Chalky Sound where algal abundance is high, 
however the quality of food may contribute to the much lower maximum reproductive 


























Fragmented spawning behaviour is common trait of echinoid reproduction and has 
been documented previously for E chloroticus (Brewin et al. 2000, Lamare et al. 
2002). Often the timing, duration and magnitude of spawning by echinoids will vary 
considerably from year to year (Byrne 1990). This variation is thought to be induced 
by local cues within each population, including gametes in water column, water 
temperature (Byrne 1990), phytoplankton abundance (Himmelman 1975) and by 
more general cues across several populations, such as illumination intensity, lunar 
cycles, tidal forcing and storms (Lamare and Stewart 1998). Since spawning in the 
wild is rarely observed it is difficult to determine the individual contribution of each 
cue towards spawning, i.e. is a spawning event induced by a combination of weak 
cues or by one or more strong cues? 
Mass spawning is much less common than fractional spawning events and can 
involve many urchin populations over tens of kilometres (Barker 2007). Mass 
spawning in Doubtful Sound has been witnessed on 27 January 1994 (Lamare and 
Stewart 1998) and 13 November 1999 (Wing et al. 2003) both events occurred during 
a spring low tide and were considered to involve the entire fiord complex. Mass 
spawning on the open coast has also been observed by commercial urchin divers who 
attributed spawning to rough water conditions associated with storm events (Lamare 
and Stewart 1998). The entire south coast urchin population was thought to undergo 
synchronous spawning in December 2005 owing to a large south-easterly storm. This 
kind of weather is not typical for the south coast, where prevailing winds come from 
the southwest to northwest. Strong south-easterly conditions may have forced cooler 
water towards the west causing a widespread and sudden drop in water temperature 


























Comparing the reproductive biology of urchin populations from southern Fiordland 
with other populations from different locations within New Zealand shows some 
potential differences. It appears that the period in which large gametes are retained 
and the timing and magnitude of spawning period may vary with latitude. Walker 
(1982) sampled three urchin populations in the Hauraki Gulf over a twelve-month 
period. Each population displayed a clear progression in gametogenic development 
with gonad index measurements increasing sharply in the spring as mature gametes 
became prolific, followed by a rapid decrease in gonad index as animals spawned. In 
the majority of cases animals were spawned out by January, with high gonad index 
being present for two months at the majority of sites. Free gametes within the central 
lumen were observed between November and February although some inter-site 
variability concerning mature gametes was observed. 
The apparently concise pattern of gametogenic development and regular spawning 
activity of northern populations appears to lessen with increasing latitude. Brewin et 
al. (2000) sampled urchins from three sites within Tory Channel, Marlborough 
Sounds between September 1990 and October 1994. Reproduction was annual in each 
sample population although temporal and spatial variability in gonad index cycles and 
spawning was observed. In general the proliferation of mature gametes was more 
commonly associated with a rapid increase in gonad index followed by spawning 
soon afterwards usually between November and January. 
Brewin et al. (2000) noted a second, less common trend regarding reproduction of 
E. chloroticus. Urchins show a steady increase in GI over several months during 
winter and spring followed by a plateau of high GI over the spring and early summer 
with gamete release occurring over several months during summer and early autumn. 




















Lamare et al. (2002) found similar reproductive trends in three populations of E. 
chloroticus in Doubtful Sound. The initiation in gametogenesis was synchronous 
between sites, with gamete differentiation and proliferation occurring from June to 
October and mature gametes present from October to January. Gametogenic 
development was asynchronous between male and female urchins, although initiation 
of the gametogenic cycle was synchronous in all populations sampled. There was a 
general link between gametogenic stage and the gonad index of individuals, with 
rapid increases in GI associated with the presence of gamete proliferation (growing 
and premature stages). 
The gonad index cycles observed by Lamare et al. (2002) show some similarities with 
GI results from Brewin et al. (2002) with considerable inter-annual and inter-site 
variability in the reproductive potential of each population, and the time taken to 
reach maximum GI and the magnitude and duration of spawning. Interestingly, many 
urchins in Doubtful Sound usually began spawning at similar times (December), 
although spawning duration varied between one and four months depending on site 
and year. The pattern displayed by GI measurements gathered from Doubtful Sound 
are different from those in northern New Zealand, with slow increases in GI in winter/ 
spring followed by gradual spawning. However some rapid declines in GI were 
associated with rapid spawning. Some of the more irregular patterns of GI displayed 
in Doubtful Sound (particularly Deep Cove) are probably associated with nutrient 
limitation, or perhaps variation in the availability of nutrients as opposed to any 

























3.1 - Introduction 
Many species of echinoids including E. chloroticus display recruitment patterns with 
considerable spatial and temporal variability (Cameron and Schroeter 1980, Ebert 
1983, Rowley 1989, Rowley 1990, Ebert et al. 1994, Lamare and Barker 2001). 
Settlement and metamorphosis of competent larvae is one of three key elements that 
make up the patterns of sea urchin recruitment (Cameron and Schroeter 1980, 
McEdward and Miner 2001 ) . 
There appears to be two alternative recruitment patterns concerning E. chloroticus, 
low intermittent recruitment or pulses of high recruitment (Ebert 1983, Lamare and 
Barker 2001). Low to moderate recruitment into an urchin population is generally 
more prevalent, with juveniles settling out of the plankton sporadically over the spring 
and summer (Lamare and Barker 2001). Wing et al. (2003) examined settlement of E. 
chloroticus within Doubtful Sound from 1997 to 1999. Settlement was typically low 
with one to two juveniles being recovered per sampler per month, however one 
settlement 'event' was recorded during one month with 50 - 150 juveniles per 
sampler. 
Urchin populations with consistently low recruitment often have a normally 
distributed population structure dominated by larger individuals (Lamare 1997), 
however recruitment "events" will occasionally occur as large numbers of young 
urchins settle out of the plankton over a short time period. A bimodal population 
structure associated with high numbers of small urchins is often a good indicator of a 
previous recruitment event (Lamare 1997). The population structure oflarger animals 
cannot provide an indication of previous rates of recruitment owing to slow growth 
rates and variable resource allocation in periods of low food availability (Dix 1972, 

























Measuring settlement of sea urchins in the field can be problematic owing to high 
spatial and temporal variability in larval abundance (Lamare 1998, Lamare and 
Barker 2001) and the small size of newly settled individuals (Rowley 1990). 
Settlement samplers provide a useful means of gathering data concerning the timing 
and degree of larval settlement and can provide a useful indication of recruitment 
rates into a population (Rowley 1989, Ebert et al. 1994, Lamare 1997, Lamare and 
Barker 2001, Wing et al. 2003) . 
Settlement of E. chloroticus larvae on settlement samplers is often well below that of 
natural substrates covered in crustose algae. Lamare and Barker (2001) investigated 
settlement of competent E. chloroticus larvae on a variety of artificial and natural 
substrates under laboratory conditions. Settlement was more rapid and to a higher 
percentage on natural substrates containing coralline algae than on aged plastic. 
Settlement and metamorphosis on plastic increased with the age of the microbial film. 
Although settlement samplers underestimate the amount of settlement owing to 
reduced settlement on artificial substrates and mortality of juvenile urchins, they do 
provide a consistent (if reduced) measure of larval settlement within a population 
(Lamare and Barker 2001, Ebert et al. 1994). Consequently, settlement samplers 
offer a somewhat crude but relatively inexpensive means of determining a relative 
indication of recruitment into a population. 
High numbers of juveniles found on settlement samplers are often correlated with 
increased recruitment into a population (Lamare and Barker 2001,Barker 2007). This 
was the case in Doubtful Sound where high numbers of juvenile E. chloroticus found 
on settlement samplers in October 1992 were associated with an increase in the 
percentage of small urchins within the total population over the next two years 
(Lamare 1997, Larnare and Barker 2001 ), however in some cases high settlement 
does not result in good rates ofrecruitment. Rowley (1989) recorded very high 
numbers (1000- 2000 per m2) of newly settled Strongylocentrotus franciscanus and S. 
purparatus off the Californian coast on May 9, 1986, yet juveniles were undetectable 
































The patterns of adult urchin distribution and abundance cannot be explained by 
extrapolation of settlement rates within a population. Settlement has been shown to be 
approximately equal in areas where urchin numbers are high ( urchin barrens) and to 
areas where urchins are few such as kelp beds (Rowley 1990, Ebert et al. 1994). 
Competent larvae demonstrate some selectivity towards substrate (Cameron and 
Schroeter 1980, Rowley 1990, Lamare and Barker 2001), although this process 
appears to be independent of conspecific adults, indicating that adult urchins 
themselves are not a cue for settlement (Cameron and Schroeter 1980, Andrew and 
Choat 1982, Tegner 2001). 
Mortality of newly settled juveniles in a kelp bed is usually higher than within urchin 
barrens, which may partly explain the observed differences of urchin abundance 
within the two habitats (Ebert 1983, Rowley 1989, Rowley 1990, Barker unpublished 
data). It is thought that kelp beds are unsuitable habitat for recently settled juveniles 
owing to increased predation (Andrew and Choat 1982) and the presence of fine silt 
that may smother young urchins (Andrew and Choat 1985). Ironically, growth rates of 
small urchins within kelp beds are higher than for juveniles found in other habitats 
(Rowley 1990). 
Reduced juvenile mortality in urchin barrens has been attributed to protection of 
juveniles from predation by the spine canopy of some urchin species, particularly 
Strongylocentrotus franciscanus whereby juvenile animals actively seek out larger 
urchins and shelter beneath their long spines (Tegner 2001). This is not thought to 
occur in E. chloroticus (M. Barker pers com). However in SUR 5 populations large 
numbers of juveniles urchins (20- 40mm TD) have been observed in crevices beneath 
the spines of large adults, the removal of large urchins resulted in immediate 
predation of juveniles by predatory fish. Crevices immediately outside the urchin 
aggregation contained no juvenile animals (pers obs). This suggests that adult E. 
chloroticus can directly modify the habitat available to juveniles and as a 






























Recruitment overfishing is a common occurrence in sea urchin fisheries worldwide 
(Andrew et al. 2002), with the possible exception of Japan, which utilises intensive 
reseeding of Strongylocentrotus nudas juveniles, habitat modification and removal of 
predators in an attempt to limit the effects of fishing (Agatsuma 2001). Often little is 
known about the rates of recruitment into a fished area, and therefore the ability of the 
population to recover from fishing down of adult biomass. This is particularly true of 
the New Zealand sea urchin fishing industry (see chapter 1), as Lamare and Barker 
(2001) and Wing et al. (2003) are the only studies concerning settlement and 
recruitment of E. chloroticus in the SUR 5 area. Both studies were performed in 
Doubtful Sound, which have urchin populations of no commercial importance owing 
to low gonad indices and relatively low adult biomass (Lamare 1997). The semi-
enclosed nature of fiord hydrology and the high likelihood of larval retention suggest 
that settlement data derived from this area has little relevance to open coast systems 
such as those subject to commercial fishing in southern Fiordland. Nothing is known 
about the rates of settlement and recruitment in this area and therefore the ability of 
the fishery to recover from the removal of adult biomass, i.e. the sustainability of the 
industry. In this chapter settlement rates from a fished urchin population on the open 
coast are investigated and the implications for recruitment and the urchin fishery 
























3.2 - Materials and Methods 
At Green Islets and Chalky Sound, four replicate settlement samplers (Fig. 3 .1) were 
deployed between May 4 2006 and March 5 2007. Sampler design was similar to 
"Astroturf' samplers trialed by Lamare (1997) in Doubtful Sound and Tory Channel. 
Each sampler consisted of 400mm of 110mm diameter pipe with 20mm "astrograss" 
cable tied to the pipes exterior, giving an area for settlement of O.l 2m-2. Each 
collector had a rope passed through holes at the top and bottom with clips attached to 
either end. At the top the collector clipped onto three metres of 8mm nylon rope with 
three net floats attached. At the bottom the collector clipped onto 1.5 metres of 8mm 
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Figure 3.1 - Astrograss settlement sampler and mooring. 
Samplers were deployed one metre above the bottom in eight to ten metres of water at 
each site on mostly bare undulating rocky reef with low to moderate current flow. 
Samplers were changed at one to three month intervals over the sampling period, 
depending on the availability of access to each site (see Chapter 2). Samplers were 
changed using breath hold diving: the existing sampler was carefully removed and 
immediately placed inside a plastic bag, sealed with a rubber band and placed inside a 
20 litre bucket. These were transported to the fishing vessel San Nicholas and soaked 
in a 20 litre 0.5% solution ofKCL, which anaesthetised any animals present in the 
sample. The sampler was left for approximately 2 hrs in solution then washed off with 
a deck hose into a 40-litre bucket that drained through a 200µm sieve, washing was 
repeated three to five times. Collected material was washed into small pottles and 
























All samples were analysed using a formalin downdraught to remove fumes and an 
associated dissecting microscope. Samples were sorted under 25X magnification and 
any juvenile urchins removed with a pipette and placed in a 5ml Epindorph tubes. 
These were measured to the nearest lOµm using an eyepiece micrometer. 
3.3 - Results 
Green Islets was the only site in which settlement data were collected. The settlement 
samplers at the Chalky Sound study site (Fig. 2.1) were always too exposed to 
adverse weather to allow settlement samplers to be changed when adult, urchins were 
being collected. The samplers deployed at Green Islets were changed on eight 
occasions over the sampling period. Among the wide variety of juvenile invertebrate 
species found on the settlement samplers, were juveniles of E. chloroticus and another 
echinoid species Pseudechinus huttoni. 
In total, 159 juvenile E. chloroticus were recovered from settlement samplers at 
Green Islets. Settlement occurred over two sampling periods 26/9 to 3/11 and 3/11 to 
7/12/2006, a total period of 73 days. 154 juveniles settled from late September to 
early November (39 days) with five juvenile urchins recovered during November and 
early December (34 days). Settlement was relatively uniform between the four 
samplers; mean settlement for 26/9/06 - 3/11/06 was 38.5 juveniles (Fig. 3.2), which 
equates to approximately one urchin per sampler per day. 
The size frequency distribution for juveniles (Fig. 3.3) recovered from 26/9/06 -
3/11/06 was normally distributed. The majority of juveniles were between 500 and 
800 µm TD (mean= 717µm) (Fig. 3.4) indicating a large pulse of competentE. 
chloroticus larvae settling in the Green Islets area over a short time frame, most likely 
during early to mid October. The mean test diameter for the five urchins recovered 
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Figure 3.2 - Mean settlement per sampler (n=4) of E. chloroticus at Green Islets 
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Figure 3.3 - Size frequency distribution for juvenile E. chloroticus from Green 














Figure 3.4 -Evechinus cltloroticus juveniles from settlement samplers deployed 
at Green Islets between 26 September and 3rd November 2006. Scale bar= 1mm. 
3.4 - Discussion 
The appearance of high numbers of juvenile E. chloroticus on settlement samplers at 
Green Islets and the narrow size frequency distribution indicates that a settlement 
event occurred over a short time period. These findings show some similarities with 
other studies concerning recruitment of urchins in southern New Zealand waters 
(Lamare and Barker 2001, Wing 2003) and with studies of Strongylocentrotus spp in 
North America (Raymond and Scheibling 1987, Rowley 1989, Rowley 1990, Ebert et 


























The timing, number and size-frequency of juvenile E. chloroticus recovered from 
settlement samplers at Green Islets allows some extrapolation concerning the date of 
settlement and the timing of gamete release by the parent population. Juvenile 
urchins cultured in a laboratory are around 370-400µm TD immediately after 
settlement (Lamare and Barker 2001). The mean size of juvenile E. chloroticus found 
on samplers between 26/9/2006 and 3/11/2006 was 717µm; this allows an estimate on 
the age of juvenile urchins based on early growth rate. Lamare and Mladenov (2000) 
gave a size estimate of 10.5mm TD for one year old urchins growing in their natural 
environment, which equates to an average growth rate of 0.2mm/wk-1. This growth 
rate gives an approximate average age for juveniles from Green Islets of twelve days 
indicating that the bulk oflarvae settled out around the 22nd of October 2006. The 
larval stage of this species lasts between three to six weeks, which suggests that the 
parent population( s) spawned sometime during September . 
Settlement samplers will underestimate the rate of settlement into a wild population 
owing to reduced larval settlement on artificial substrates such as plastic, with rates of 
settlement increasing with the age of the microbial film (Lamare and Barker 2001). In 
this study the rate of settlement onto the "astrograss" samplers was not established in 
the laboratory prior to deployment in the field making extrapolation of the density of 
settlement found on samplers to that in the field difficult. Lamare and Barker (2001) 
found that settlement rates on aged plastic were approximately 50% of that on natural 
substrate when the microbial film covering was 18 days old. It appears that the bulk 
of settlement at Green Islets occurred several weeks after deployment therefore a 
settlement rate of 50% is probable. Each sampler had a 0.12m-2 rectangle of astrograss 
attached. Settlement of 154 urchins onto the four samplers during October gives a 
settlement rate of approximately 300 juveniles per m2 of artificial substrate, equating 
























Previous studies concerning settlement of E. chloroticus in southern New Zealand 
have mostly been in Doubtful Sound and the Marlborough Sounds. Doubtful Sound is 
considered to be a closed, or semi-closed system whereby most juveniles are derived 
from parent populations located within the fiord complex (Lamare 1998, Lamare and 
Barker 1999, Wing et al. 2003). In contrast Green Islets is an open system with high 
wave action, moderate current flow, high algal productivity and large urchin biomass 
(pers obs). Large aggregations of smaller urchins (50- 80mm) are present in some 
areas of Green Islets particularly on the eastern side in deeper areas of reef (pers obs) 
suggesting that there have been periods of high recruitment in this area prior to this 
study. 
It is highly unlikely that juvenile urchins found at Green Islets originated from a 
parent population in the same area, given the highly dispersed nature of urchin larvae 
in open systems (Cameron and Schroeter 1980, Rowley 1989, Rowley 1990, Ebert et 
al. 1994, Lamare 1998). The observed GI and histological data from the adult 
population at Green Islets suggests that only a small proportion of the population were 
capable of spawning around September, as most adult urchins became ripe in 
November (see chapter 2). It is likely that other, more distant population(s) of urchins 
became ripe and spawned earlier than the Green Islets population . 
Hydrological conditions are known to heavily influence the amount of larval supply 
into any given area, which in turn affects the rate of settlement and recruitment into a 
population (Ebert et al. 1994, Rowley 1990). Lamare (1998) found that E. chloroticus 
larvae were found at high densities within Doubtful Sound but in much lower 
numbers outside the fiord entrance. This observation was attributed to mean up-fiord 






















Lamare ( 1997) found differences in the rates of settlement and recruitment between 
Doubtful Sound (semi-closed system) and Tory Channel (open system) between 1992 
and 1994. Settlement and recruitment rates were higher in Doubtful Sound with a 
settlement event (maximum of 1.14 juveniles per sampler per day, n=79) occurring 
between August 1992 and January 1993, although the bulk of settlement occurred in 
October and November. This resulted in larger numbers (13.8 urchins per 20m2) of 
recruits (<20mmTD) entering the population in Doubtful Sound compared to Tory 
Channel. Both settlement and recruitment were reduced the following year with only 
eleven juveniles found on samplers over a seven month period. Tory Channel had 
very low settlement (<0.05 juveniles per sampler per day, n=2) and recruitment (0.6 
recruits 2om-2 ) during 1992. In 1993 a settlement event was recorded in Tory 
Channel with a pulse oflarvae settling out during March and April (0.54 juveniles per 
sampler per day, n=39) resulting in a high number ofrecruits (5 urchins 20m-2) • 
. The study by Lamare (1997) is the only prior study investigating settlement of sea 
urchins in an open system in New Zealand. Settlement in Tory Channel (March -
April 1992 and February - April 1993) was temporally different to settlement in 
Doubtful Sound (August - January 92/93 and August - March 93/94) and Green Islets 
(September 26 - December 7, 2006). Settlement events occurred in all three 
populations studied, with Green Islets and Doubtful Sound displaying similarities in 
the timing of maximum settlement (October/ November). 
Populations of Strongylocentrotus sp off the Californian coast display distinct 
differences in recruitment between northern (low) and southern (high) areas. These 
differences are attributed to retention of surface waters near the southern coast and 
offshore advection away from the northern Californian coastline (Ebert and Russell 
1988, Ebert et al. 1994). The distribution of adult crown-of-thorns starfish 
Acanthaster planci over six portions of the Great Barrier Reef in northern Queensland 
was highly correlated with modelling of small scale currents. This indicated certain 
areas of reef had higher larval supply owing to the current regime in those areas 




























The mean movement of water masses in southern Fiordland is generally associated 
with the Southland current which flows southward from Big Bay on the west coast 
(Heath 1982), and from west to east along the south coast and into Foveaux Strait 
(Chiswell 1994). Given this large and consistent hydrological feature it suggests that 
the urchin population(s) in southern Fiordland are dependent on urchin populations 
along the west coast for larval supply and recruitment of juveniles. The west coast of 
Fiordland from Chalky Sound north contains urchin populations that have received 
very little fishing pressure previously (C, McManaway pers com, McShane et al. 
1994, MFISH 2002) and as such are ofrelatively high biomass (pers obs). These 
western stocks of E. chloroticus most likely have the biggest effect on the recruitment 
patterns in southern Fiordland and Stewart Island as the enormous number of larvae 
produced would most likely drift south and then east with the prevailing currents. 
This isolated area probably contains some of the last unfished urchin populations in 
mainland New Zealand. 
The coastal topography of Green Islets (Fig. 2.1) may produce hydrological 
conditions which increases the rate of larval retention. The large headland that 
extends southward and the associated islets and reefs may cause an eddy or part eddy 
in the eastward moving Southland current. Ebert and Russell (1988) found a negative 
correlation between sea urchin settlement and headlands along the California coast 
owing to increased advection of surface water offshore. Settlement was higher in 
areas between headlands. Ebert et al. (1994) found settlement of S. purpuratus and S. 
franciscanus were higher and more seasonal in southern California as opposed to 
northern California which displayed more irregular settlement patterns. This trend 
was attributed to greater retention of surface water in the Southern California Bight 























Without more detailed investigation of recruitment processes it is impossible to 
evaluate the number of recruits entering the Green Islets population between 
September and December 2006. Regular airlift sampling of the substrate and/ or 
detailed test diameter size-frequency transects using SCUBA equipment would 
provide a more accurate measure of recruitment rates and the relative change in 
population structure over time (Lamare and Barker 2001). However based on 
previous studies using settlement samplers and their relative contribution to 
understanding recruitment processes, it is likely that a high rate of recruitment 
occurred at Green Islets given the high numbers of juveniles recovered during this 
study. 
78 
It is difficult to assess the effects of fishing on the rate of recruitment within a 
population. Unlike some species of the Strongylocentrotus genus, juvenile E. 
chloroticus do not actively seek shelter in the spines of larger conspecifics (Tegner 
2001 ). However adult urchins provide ideal habitat for larval settlement and survival 
by maintaining a clean substrate covered in coralline algae, which is the preferred 
substrate for settlement of competent larvae (Lamare and Barker 2001). Juvenile 
urchins are often seen in crevices beneath aggregations of adult urchins (pers obs), 
which suggest that adult E. chloroticus do provide some form of direct protection for 
juvenile urchins. These factors indicate that removal of large numbers of adult urchins 
and associated alteration ofbenthic habitat may reduce the numbers of recruits 
entering the local population, both directly (protection) and indirectly by maintaining 
substrate for settlement and recruitment. 
Anecdotal observation suggests that recruitment overfishing (removal exceeds inputs 
of recruits) may be occurring at Green Islets. This area originally had a very high 
biomass of large, older urchins distributed in large aggregations in shallow ( <3m) 
water. Since then catch per unit effort has increased considerably as several hundred 
tonnes of urchins were removed from the area (C McManaway pers com, pers obs). 
Urchins in this area are now found in small aggregations or scattered throughout the 
area in consistently low numbers, larger aggregations are usually limited to deeper 

























In some areas the removal of urchin aggregations from shallow areas are partly 
replaced by immigration of urchins from deeper areas of surrounding reef into 
shallower water. In addition, urchins scattered around an aggregation have a tendency 
to re-aggregate if the majority of animals are removed. It appears that the longer an 
area is left after harvesting, the greater the numbers of urchins accumulating in that 
area will be, particularly in areas of shallow reef with large areas of adjoining deeper 
reef (pers obs). This (apparent) shoreward progression may be induced by the large 
biomass of algae in shallow waters, which is a stimulus for increased urchin motility 
(Andrew 1988). 
This effect is a function of the nature of the habitat relative to current fishing methods 
(free diving), rather than the result of recruitment into the area. Therefore immigration 
into shallower water would not be expected to continue over a long time period as 
fishing continues. In many other areas within SUR 5 this pattern of immigration is not 
displayed owing to the limited area of habitat available. In these areas the effects of 
continued urchin harvest are immediate and long lasting (pers obs). 
Given the limited nature of this study it is difficult to draw conclusions concerning the 
relationship between recruitment and fishing in this area. Longer term monitoring 
using settlement samplers in several sites in Fiordland would give a better 
understanding of the recruitment processes concerning E. chloroticus in fished areas, 
and help evaluate populations at risk from recruitment over fishing. The findings of 
this study indicate that settlement in the Green Islets area is high but very seasonal 
and that settlement of juveniles occurs independently of the reproductive cycle of the 
resident population. This indicates that recruitment processes are dependent on urchin 


























CHAPTER 4 - GENERAL DISSCUSSION 
This study investigated the reproductive cycle (chapter 2) of large (>140mm TD) and 
smaller (80-100mm TD) E. chloroticus at two sites in southern Fiordland. Both areas 
are important for commercial urchin fishing but there has been little previous 
scientific work on sea urchin biology or ecology in this region. The reproductive 
cycle was annual in both populations, with the beginning of gametogenesis 
correlating with increasing photoperiod in June 2006. Gonad index values were 
highly variable over time between sizes and sites, with urchins from Green Islets 
having consistently larger gonads than those from Chalky Sound. In general larger 
urchins had higher gonad index values than smaller animals over the sampling period 
at both sites, although maximum gonad indices were highest in small urchins at Green 
Islets. 
The gametogenic cycle as indicated by histology and oocyte size-frequency plots 
showed a correlation with gonad index cycles from each site over the sampling 
period. In general a rapid increase in GI occurred in spring owing to the 
differentiation and proliferation of gametes associated with the premature stage of 
gametogenesis. Maximum GI was consistent with mature to partially spawned stages 
and minimum GI was associated with recovery and growing stages. The patterns of 
gametogenic activity and associated gonad index cycles showed similarities to studies 
by Lamare et al. 2000 and Br~win et al. 2002, but were generally different from 
reproductive cycles in northern New Zealand as described by Walker (1982) . 
There were a number of differences observed between smaller and larger urchins at 
both sites. Gonad indices were significantly different over the entire sampling period, 
with larger urchins usually having a higher GI than smaller animals. Small urchins 
had much brighter coloured gonads and a higher lantern index than larger animals. 
Gametogenic activity showed a small amount of variation between size classes over 
the course of the reproductive cycle, particularly concerning the timing of gamete 
release. Gametogenic variation however appears to be a function of sex rather than 
size class, as gametogenesis is typically more asynchronous between males and 
females than between large and small urchins. Despite these differences the GI of 





























There were statistically significant differences in oocyte size distribution between 
large and small female urchins for every sampling occasion throughout the sampling 
period (table 2.6 and table 2.7). However the histological graphs (Fig. 2.27 and 2.28) 
and oocyte size-frequency plots (Fig. 2.29 and 2.30) indicate the same general trends 
in gametogenesis between small and large urchins with some variability. It is likely 
that the differences in oocyte size distribution are a function of natural variability in 
sea urchin reproduction rather than a function of size. 
Statistically significant inter-site differences included gonad index and lantern index, 
both of which were consistently higher at Green Islets. A sea urchin population with 
high lantern index and gonad index values is an unusual finding as high lantern 
indices are associated with nutrient limitation and corresponding low gonad index 
values. Gut index measurements were higher at Chalky Sound, high gut indices are 
associated with increased nutrient reserves in the gut. Gonad colour was more yellow 
in large urchins from Green Islets while the gonads of smaller urchin were similarly 
coloured between sites. Gametogenesis varied between sites, particularly among male 
urchins although females also showed differences concerning the timing of spawning 
and recovery as indicated by oocyte size-frequency plots (Fig. 2.29 and 2.10) . 
Some investigation (in an unreported part of this study) was made into the 
reproductive capacity oflarge sea urchins. Large urchins (> 140mm TD) were induced 
to spawn in the laboratory, female gametes were fertilised and larvae cultured in large 
jars for five weeks. It appears that these larger animals are clearly capable of 
producing viable gametes, spawning with high fertilisation rates and producing larvae 
with normal development. Larger animals probably contribute a great deal more to the 
larval pool than smaller animals owing to a much greater gonad volume and a higher 
gonad index. Large urchins often account for a greater proportion of urchin biomass 




























Settlement of competent E. chloroticus larvae was investigated at Green Islets. This is 
the second investigation of the temporal characteristics of urchin settlement in an 
open coast situation and the first in a high-energy environment. Settlement occurred 
between September and December 2006, with 159 juvenile sea urchins being 
recovered. This rate of settlement was much higher than that recorded by Lamare and 
Barker (2001) at either Doubtful Sound or Tory Channel with a large majority (154 
urchins) settling out during October. The temporal characteristics of settlement were 
however similar to those recorded by Lamare and Barker (2001) in Doubtful Sound in 
1992 and to a lesser extent in 1993, although there was no similarity concerning the 
timing of settlement at Tory Channel. 
It is impossible to determine whether the timing and magnitude of settlement is 
typical or unusual for New Zealand urchin populations in open coast situations, 
because of the lack of any other settlement data. Anecdotal information of sightings 
of high numbers of small urchins along the open coast would suggest that previous 
periods of high recruitment have occurred (pers obs). Currently very little is known of 
the population dynamics of fished populations. Further investigation into the temporal 
and spatial nature of E. chloroticus settlement and possibly recruitment is required not 
only in SUR 5, but also in other SUR regions around New Zealand in order to 
evaluate the capability of fished populations to recover from harvesting. 
There are a number of limitations regarding the results of this study. Access to each 
study site was an oppurtunistic event associated with commercial fishing activity 
rather then visiting each location specifically for scientific study. This constraint 
resulted in a limited amount of information being obtained, and as a consequence it is 
difficult to draw definitive conclusions between sites, owing to much reduced 

































The SUR 5 Fishery 
The sea urchin fishery in New Zealand is restricted to several main areas around New 
Zealand (Fig. 1.1). For the SUR 5 area the TACC was set with only a very limited 
stock assessment taking place (see chapter 1). Instead, catch history from the early 
1990's was used as a guide for setting the level of quota allocated to fishers in 2002. 
In 2004 the opening of a large closed area on the west coast of Fiordland resulted in 
an increase of the TACC by 85% making the Southland urchin industry far larger than 
any other in New Zealand. This is possibly the only example in the quota 
management system whereby an opening of a closed area has resulted in an increase 
in the level of quota allocated to fishers. Catch history from this area prior to closure 
was virtually non-existent, although a detailed stock assessment was performed in this 
area in 1993 (McShane et al. 1994). 
The current level of harvest from SUR 5 is far greater than previous fishing years, 
including the period when fishers were unconstrained by a TACC or any other means 
of restricting maximum levels of harvest. It is likely that high levels of harvest 
reported during the early 1990's were a result of fishers over reporting catch levels in 
order to be allocated more urchin quota in later years (see table 1.2). 
The SUR 5 industry is valuable to the New Zealand economy. The setting of the 
T ACC was done with very little information regarding the ability of fished stocks to 
sustain the levels of harvest set by MFISH, or any knowledge of the capacity of· 
urchin populations to recover from over fishing, i.e. the recruitment dynamics of each 
population. Currently urchins are harvested primarily from the south coast of 
Fiordland and the Southwest coast of Stewart Island including the adjacent Mutton-
bird (titi) islands, particularly Big South Cape Island (Fig. 1.1, SRA 29 and 30). The 
opening of the closed area between Preservation Inlet and Breaksea Sound and the 
associated increase in the T ACC has resulted in very limited harvesting from this area 
(SRA 31, 32), those urchins which have been harvested have been taken from mostly 
Chalky Inlet (pers obs). Instead the T ACC increase has resulted in an intensification 
of the level of harvest from existing urchin fishing grounds, many of which are 































There are a number of biological and anthropomorphic factors determining whether 
an urchin population becomes overfished. Firstly accessibility: as with other fisheries 
stocks those closer to port are harvested first, with distant populations becoming more 
frequently harvested as local stocks become depleted. The closest urchin stocks to 
Southland's main fishing ports (Bluff and Riverton) are Codfish Island, the east and 
west coasts of Stewart Island and southern Fiordland, all of which have decreased 
numbers of urchins in shallow ( <5m) areas and a reduction in the average size (pers 
obs). Currently urchins <lOOmm TD are not harvested and therefore make up a larger 
proportion of the remaining population as harvesting of larger urchins continues . 
The west coast urchin populations are considerably further away from Southland ports 
than currently harvested populations. A commercial port is operational at Milford 
Sound, however the lack of processing facilities in this area coupled with the 
difficulties involved in transport into and out of Milford Sound make harvesting of 
urchins more problematic and expensive in this area. The open coast near Milford 
Sound is more exposed to prevailing weather (NW and SW wind and swell) than 
many other fishing areas within SUR 5. Therefore it is likely that urchin populations 
from areas currently harvested will need to come under considerable pressure before a 
large percentage of the T ACC is taken from the west coast, unless some changes are 
made to the regulations concerning where urchin quota is harvested within the SUR 5 
area. 
The nature of urchin habitat and the effects on the gonad index of urchins is an 
important consideration. There are many large urchin stocks in SUR 5 that are 
currently not harvested, owing to the small GI present in urchins found there . 
Populations containing urchins with high GI are frequently harvested and as such 
become depleted (the higher the GI the more frequently an area will be fished). There 
is some evidence that the removal of urchins from a population could result in an 
increase in the GI of the remaining animals. Andrew (1986) found that urchins held in 
cages and fed natural diets had larger gonads at low densities (two to five urchins per 





























The method of harvest is one of the more important factors concerning the sea urchin 
fishery. Divers are not permitted to use any form of underwater breathing apparatus 
(UBA) and as a consequence are restricted to shallow areas within free diving range 
(generally less than 12 metres). Problems for divers involved in free diving for 
urchins include poor visibility, current flow, wave action and depth. The use ofUBA 
would negate many of the difficulties faced by urchin divers today. However the use 
of UBA would most likely result in the total removal of sea urchins from fished areas 
rather than the fragmented nature of urchin harvest by free diving. Using UBA would 
most probably delay the signs of overfishing becoming apparent i.e. decreasing catch 
per unit effort, as divers using air can still harvest large numbers of urchins from 
depleted stocks of low to very-low density. The use ofUBA may result in the total 
loss of urchin-induced habitat from fished areas, and cause more rapid and abrupt 
changes to subtidal reef ecosystems than is currently occurring. The use of UBA for 
urchin diving is currently opposed by many members of the paua (Haliotis iris) 
industry and also some members of the kina association (C. McManaway pers com, 
pers obs). 
The E. chloroticus industry in SUR 5 is in many ways, still in its infancy, owing to 
large stocks containing virgin biomass (particularly on the west coast) and the 
inability of fishers to export urchin roe to larger overseas markets. It is most probable 
that the current levels of harvest are unsustainable even in the short term, however it 
is unlikely that the TACC will be reduced in the short term as E. chloroticus are 
relatively recent additions to the QMS. 
The paua industry has previously divided fishery management area 5 into three sub 
management areas in order to reduce fishing effort on fishing grounds that are the 
most accessible. Similarly the splitting of SUR 5 into smaller management areas such 
as Stewart Island - SUR5A, South coast - SUR5B, and West Coast - SUR5C and the 
redistribution of the TACC into each area, would spread the fishing effort over a 
considerably wider area. This may b~ an effective way to reduce the localised effects 
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